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Fig, 1. Frontispiece. 


Orystal of Feldspar (orthoclase), natural size, with two smaller crystals of the same 
mineral attached. From a photograph of a specimen from Bird’s Creek P.O., 
Hastings County, Ont., in the collection of Prof. Wm. Nicol, 
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PREFACE 


In this little book an attempt has been made to give the 
chief characteristics of the more commonly occurring and 
more useful minerals. Tn order that the minerals should not 
be studied as mere specimens, an outline of their modes of 
oceurrence and origin has been added. The book deals, 
therefore, with both mineralogy and geology. Since, however, 
only slight reference has been made to certain geological 
phenomena, it has been thought better to restrict the title to 
mineralogy. 


Tt is hoped that the book will, in some measure at least, 
meet the needs of the general reader and the prospector for 
minerals, as well as those of the student in the secondary 
schools. We have tried to make the study, as far as possible, 
an outdoor one, and to draw the reader’s attention to minerals 
and rocks which he can obtain in most neighborhoods, and to 
descriptions of phenomena which he can verify for himself. 
Owing to the fact that voleanie action, mountain structure, or 
even exposures of compact rock in place, and other phenomena 
on which much stress is laid in many elementary books, 
cannot all be studied in most populated districts, the refer- 
ences to some of them are brief. We have also sought to 
explain in a practical way such terms as are commonly met 
with in the daily press or in ordinary periodical literature, 
with which every person professing to have a liberal education 


should be acquainted. 


In order to keep within the space allotted to us, the 
description of historical geology is brief. The age names 
which are commonly used are, however, explained. It 
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appears to the author that the numerous descriptions of fossils 
which are given in many elementary text-books simply tend to 
burden the memories of readers, if indeed they attempt to 
learn them, and can well be left to more advanced treatises. 
Tf the study of science is not made practical, the learner can 
employ his time to more advantage in reading history and 
romance or in the study of languages. 

It is assumed that most of our readers will have some 
knowledge of physics and chemistry which form the ground- 
work for a thorough understanding of mineralogy. An 
acquaintance with the latter is essential to the geologist. He 
must have a knowledge of mineralogy before he can properly 
understand the character of rocks and the effects which are 
produced on them by atmospheric and other agencies. 

Since most common minerals can be identified without the 
use of chemical or blowpipe tests, the description of these tests 
has been placed in an appendix. This will avoid confusing 
the reader who may have little chemical knowledge or who 
will not always have the requisite reagents and apparatus at 
hand. 

Numerous excellent books are available for the reader who 
wishes to supplement the descriptions on the following pages. 
A small list of such works will be found at the end of this 
volume. 

The author is indebted to several of his friends for criticisms 


on the text and for the use of photographs. 


To Professors Goodwin, Nicol, Brock, and Mr. M. B. 
Baker, of the Kingston School of Mining, special thanks are 
due for the interest they have taken in the preparation of 
the book. T am much indebted to members of the staff of 
the Geological Survey of Canada, whose names are given in 


connection with the illustrations, for the use of photographs. 
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Professor N. R. Carmichael, of Kingston, has kindly 
furnished me with a number of photographs. Figs. 7, 14, 
SP, Gly cleh GRR ZS Cer UG ash, ny Gee Coon al, AN, WL (ose 
104, 107, 108, 109, are reproduced from these. 


Use has been made of a number of the wood-cuts which 
were employed in illustrating the works of the late Professor 
Chapman, and which are now in the possession of the 
publishers of this book. 

W. G. M. 
Toronto, April, 1906. 


In the twenty two years that have elapsed since Dr. Miller 
wrote this book, great advances have been made not only in 
the science of mineralogy but in the development of the mining 
industry in Canada. The fundamentals of the science have 
however not changed so that, although such alterations have 
been made as were necessitated by discoveries that have been 
made, the book in its essentials is the work of Dr. Miller and 
retains the charm of his personality. The most important 
change that has been brought in consists of more frequent 
mention of important mines and mineral localities particularly 
of those that have been developed since the book was first 
written. Thanks are due to Mr. C. W. Knight, formerly 


sistant Provincial Geologist, who was so intimately associ- 


ated with Dr. Miller in his work on the pre-Cambrian, for 
assistance and suggestions in revising this portion of the book. 
Thanks are also due to Mr. A G. Burrows, Provincial Geolo- 
gist of Ontario, and to Dr. W. S. Dyer, Assistant Provincial 
Geologist, for criticism of the work and assistance in the 


classification of the fossiliferous formations. 


A. LP: 


Toronto, September 1928 
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MINERALS AND HOW THEY OCCUR 


PARTS 
INTRODUCTION 


On the following pages is given a brief account of the planet 
earth. The composition of the crust, or that part of the earth 
which is accessible to man, is described. The agencies by 
means of which changes are produced and the products of 
such agencies in the past are illustrated. Reference is made 


to uses by man of certain substances found in the crust. 


From the foregoing it is seen that this little volume treats 
of the science of the earth, or what is known as Geology. 
Since, however, a fuller account is given of minerals, or the 
naturally occurring elements and compounds, than of other 
features of geology, it has been thought best to restrict the 


title to Mineralogy. 


From the descriptions and the directions given on following 
pages the reader will learn more clearly what is meant by 
mineralogy and geology than he can from mere definitions. 
He will also learn the relationship which each of these sciences 
has to other sciences, such as physics, chemistry, botany, and 


zoology. 
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ROCKS AND MINERALS. 


Granite is a rock some of whose characteristics and uses 
are as widely known as are those of most naturally occurring 
substances. DBoulders of it are found strewn over nearly all 
agricultural districts in northern countries, and in rocky and 
barren regions it frequently occurs in large masses (Figs. 2, 84). 

On account of the widespread occurrence of this rock, and 
from the fact that monuments and other structures made of it 


are to be seen in almost every district occupied by civilized 


[ a; 


Fira. 2. 


3oulders in field near Hampton, N.S. 


people, it serves as a suitable material for the use of the 
beginner in the practical study of mineralogy and geology. 

If a hand specimen of a rather coarse-grained variety of this 
rock, or a surface of a boulder, be examined with the unaided 


eye, it will be seen to be made up, usually, of grains of three 
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substances. One of these is a hard, light-colored, glassy 
material which breaks with a rough or uneven fracture, and 
is known as quartz. A second, which is variable in color, but 
frequently pink, appears on superficial examination to be some- 
what similar in character, but breaks or cleaves with smooth 
surfaces. It is named fe/dspar. A third substance which is 
present in many varieties of granite may be either black or 
whitein color, Tt splits readily into thin flakes or scales, and is 
known as mica. ‘These three substances possess, theoretically, 
a definite chemical composition, and are called minerals (Fig. 3). 


Fia. 3. 


f, Cleavage piece of Feldspar a 
Q, Quartz showirg irregular f 


fracture, f 
M, dark Mica 


M 

The smooth or cleavage surfaces of the feldspar grains can 
best be detected by turning the specimen so that the light 
strikes it from different directions. Coarse-grained granite, 
containing preferably pink feldspar, should be studied first. 
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A magnifying glass, which need not cost more than thirty- 
five cents, will be found useful in examining the smaller 
grains. Determine whether a scratch can be made on one of 
the larger feldspar faces with the point of the blade of a 
pocket knife. Can the quartz be so marked? Break a piece, 
an inch or two in diameter, off a boulder er get a chip ata 
granite worker's or at a quarry. Find whether a grain of 
quartz, on a thin edge or corner of such a chip, will scratch 
a piece of ordinary window glass. Try a grain of feldspar in 
the same way. Get chips from a coarse-grained granite—the 
grains in boulders are frequently one quarter inch or more 
in diameter—and see if the quartz will scratch the feldspar 
and vive versa. Pebbles of quartz, white or light gray in 
color, often an inch in diameter, are quite common in gravel 
pits and along the shores of lakes and streams. Get such a 
pebble. Make sure that it is quartz by trying your knife on 
it. Draw it across a piece of glass. Break it by a blow from 
a hammer on an anvil or on a large boulder. Are the surfaces 
of the pieces into which the pebble breaks similar to those of 
the grains of quartz on the face of a freshly broken specimen 
of granite ? 


Compare the general appearance of quartz with chat of any 
common metal—iron, steel, or copper; a knife blade will do, 
It will be admitted that the quartz js more glass-like than 
metal-like in aspect. While its color is usually white or gray, 
it occurs, at times, in bluish grains in granite. Pebbles of 
quartz are sometimes reddish. Metals possess an aspect or 
lustre which is known as metallic; while substances such as 
quartz are said to have a non-metallic lustre. What is the 
Justre of feldspar and mica ? 


Tf one looks carefully among the boulders in almost any 
neighborhood he will find that some of them contain grains or 


pieces o: feldspar half-an-inch or more in diameter. With a 
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little care, one or two of them can be broken out free from 


quartz and other minerals. 


In order to make sure that the specimens thus obtained are 
feldspar, try their hardness both with the knife and on glass. 
Feldspar of various colors is found, and a few minerals re- 
semble it rather closely in general appearance. They can 
usually be distinguished from it by simple tests. Some of 
them are, for instance, much harder, and others softer. Note 
the character of the surfaces of your feldspar specimens. 
Break one specimen. Are the surfaces of the resulting 
fragments similar to those of the specimen broken ? 


Tf one cannot find mica in large enough flakes in boulders, 
so that specimens a half-inch or more in diameter can be 
broken out, he can obtain a specimen in a hardware store or 
tinshop, where the mineral is used for stove fronts. Mica is 
also employed as an insulator in electrical works. Split a thin 
sheet off a specimen with a knife blade. Is the sheet flexible? 


Quartz is the only constant or essential constituent of 
granite. One or both micas are wanting in some varieties, but 
feldspar is rarely absent. In certain not uncommon kinds of 
the rock, other minerals are present in considerable quantities. 
It is thus seen that this rock, unlike a mineral, does not. 
possess, theoretically, a definite chemical composition. It is a 


mixture of grains of minerals in varying proportions. 
ying 


Syenite.—In hunting for specimens of granite among 
boulders, you will frequently see representatives of another 
rock which at first sight you will probably mistake for granite. 
This rock is called syenite. While it contains feldspar—fre- 
quently pink in color—and other minerals similar to those 
found in granite, quartz is not one of the essential constituents. 
In other words, syenite may be considered to be a quartzless 
granite. One should be careful not to mistake grains of white 
or gray feldspar for quartz. 
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Gneiss.—Both granite and syenite are massive rocks, that 
is, they do not normally have a bedded or layered appearance. 
You will find boulders, however, which, while they contain the 
same essential mineralsas granite and syenite, possess a different 
structure, the constituents of the rock being arranged more or 
less crudely in lines. These varieties of granite and syenite 
are known as gneiss. A rock possessing the mineralogical 
composition of a granite or a syenite and having this layer-like 


structure is known asa granite-gneiss or a syenite gneiss (Fig.4). 


fo} 


Fig, 4. 


Specimen of Gneiss, showing the characteristic layer-like structure. 
(One-half natural size). 


In your search among the boulders you will come across 
certain rocks which are like granite and syenite as regards the 
average size of their constituent grains and their massive 
structure, but which possess a different mineralogical com- 
position, The colors of such rocks are usually darker than 
those of granite and syenite. It willbe well for you to collect 
specimens of these massive rocks for future study. We shall 
describe them on later pages. 

While most rocks are composed of two or more minerals, 
there are a few which contain only one essential constituent. 
Sandstone, for example, is an aggregate of quartz grains. 
When pure, this rock is, therefore, similar in chemical com- 
position to a mineral, Since, however, it is an aggregate of 
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grains, and occurs in large masses which make up an important 
part of the earth’s crust, it is called a rock. It is not difficult 
to distinguish most substances which are properly rocks from 
those which should be called minerals. On account of the fact 
that there are no hard and fast lines in nature, it is impossible, 
without drawing an arbitrary line, to give a definition which 
will fit all cases. 


In order to explain more fully what is meant by the name 
mineral it may be said: ‘“ A mineral is any natural substance 
occurring apart from the bodies of plants or animals and 
having, theoretically, a definite chemical composition.” Most 
minerals show a tendency to assume definite forms, bounded by 
planes. These forms are called crystals (Fig. 1). Substances 
such as petroleum which are sometimes classed as minerals 
cannot be indicated by a chemical formula, and are there- 
fore not minerals in the strict sense. A few minerals do 
not possess a crystalline structure, and hence are said to 


be amorphous. 


The reader who has no knowledge of chemistry will under- 
stand from the following what is meant by the expression 
“definite chemical composition” used in the definition, A 
certain mineral, which will be described on another page, 
always contains, theoretically, 70 per cent. of iron and 30 of 
oxygen by weight. Its composition, by weight, is therefore 
said to be definite or unvarying. The composition of all 
minerals is as definite as is that of this one. On the other 
hand, we have seen that the composition of rocks is more or 
less variable. While granite, for example, always contains 
quartz, this substance may be present in varying amounts. 
Rocks can then be compared to mechanical mixtures, while 
minerals, unless they are composed of only one substance, are 
chemical compounds, that is, they are of definite or unvarying 
composition, 
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SAND AND CLAY. 


Technically, sand and clay are rocks, although in the popular 
sense the name rock is applied only to compact materials. 


Bedded Clay along railway near the shore of Lake Temiskaming, between 
Haileybury and New Liskeard, Ont 


Tt will be seen that everyone has facilities in his own 
neighborhood for the practical study of rocks. In all districts 
there are exposures of clay, sand, gravel, limestone, or other 
varieties. Let us visit some of these, and thus make our 


study practical. It is hoped that no one will confine his 


SAND AND CLAY 9 


attention merely to reading a printed book when the great 


book of nature lies open before him. 
Let us first visit an exposure of clay, such as a bank ora 


taken for the manufacture of 


pit from which material is being 


Fia. 6. 
Boulder Clay on the face of an excavation at Ottawa, Ont. 
(Dr. H. M. Amt, G.S.C.] 


bricks, tile, or cement. Does the clay occur in the form of a 
mass, or does it show a layer-like or bedded structure? A 
freshly-cut face will show bedding more distinctly than one 
which has been exposed to the weather (Fig. 5). If there 
are boulders in the clay it may show a very crude bedding, if 


any (Fig. 6). Notice how the clay, if moistened, can be 
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kneaded in the hand. This character is called plasticity. If 
you visit a brick-making plant, observe how the clay is 
moulded into bricks. Sand is added to some clays to prevent 
the bricks fusing and shrinking when heated. | Powdered, 
burned brick, unlike the clay from which it was formed, will, 
when moistened, not be found to become plastic. The clay 
has lost this character by being subjected to heat. The red 
color taken on by some bricks in burning is due to the oxida- 
tion of the iron in the clay—heat causes it to take up oxygen 
from the air. If there is little iron or much lime in the clay, 
the burned bricks will be cream-colored or white. The lime 
will be in the form of carbonate, and its presence can be 
detected by the fact that the clay effervesces in acid. Clay of 
varying degrees of compactness is found in nature, Beds of 
the material are frequently buried under a great thickness of 
sand, gravel, or other deposits, and are thus subjected to 
pressure which induces compactness, just as the brick machine 
does. Heat is generated by pressure, and if the latter be 
very great, such as is produced by natural agencies, which 
we shall describe later, the clay is changed as much in 
character as if it had been burned into brick. The highly 
altered form of clay found in nature is known as slate, a 
rock which is in common use. If powdered slate be moistened 
with water, it will be found that, like burned brick, it 
possesses no plasticity. 

In examining clay banks or pits, you may find some curious 
masses or nodules, which are commonly called concretions 
(Fig. 7). Some of them may simulate shells or other animal 
remains. The more curious of them have been called fairy 
stones. 

The loose beds of sand which you may see in most 
localities are changed into the compact rock known as 
sandstone by pressure and cement substances, which will 
be described. Ordinary sand will be found on examination 
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to consist essentially of grains of white or slightly colored 
quartz. If examined carefully, the grains, in some sand, will 
be seen to be well rounded, while in others they are angular. 
Can you give any reason for this difference in the character 


of the grains? Get some sand which is used in mortar. Are 


the grains round or angular? 
fo} 5D 


Fia. 7. 


Coneretions. (About one-half natural size.) 


Examine the sand on some shore. See if you can find any 
which contains numerous black grains. Tf so, dry a little of 
the sand in the sun or by artificial means, and then stick a 
magnet or a magnetized knife-blade into it. If it is the black 


mineral which is commonly found in sand, it will be attracted 
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to the magnet. This mineral is an oxide of iron known as 
magnetite. You will frequently find grains of a pink or 
reddish mineral associated with magnetite in sand. These are 
the mineral garnet. Both garnet and magnetite will be de- 
scribed on another page. Minute scales of mica occur in some 
sand. 


CONGLOMERATE AND BRECCIA. 


When beds of gravel or boulder deposits become consolidated 
t=) 
the resulting compact rock is known as conglomerate (lig. 8). 


Fig. 8. 


Conglomerate. 


Tf the fragments in such a rock are angular instead of being 
rounded, the rock is called breccia (Fig. 9). Many compact 
limestones can be seen to be made up of fragments, which in 
some cases consist chiefly of the shells of small animals (Fig. 10). 


si 
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If there are no quarries in your neighborhood, try to find 
boulders of sandstone, conglomerate, and limestone. Get 
as many varieties of each as you can. Specimens of breccia 
are not obtainable in some districts. A beautiful rock, 


known as jasper conglomerate, occurs in many places in 


Fia, 9 


Breccia from Bancroft, Ont. The angular fragments of light-colored rock 


are cemented by fine-grained, dark material. 


northern and northwestern Ontario. It consists of pebbles 
of quartz and red jasper firmly cemented together. | Boulders 
of it are found in the southern part of the province and in 
some of the states immediately to the south of the great lakes. 


Tf you live in this territory you are likely to find some of these 


14 MINERALS AND HOW ‘THEY OCCUR 


boulders by careful searching. Can you explain why con- 
glomerate is sometimes called pudding stone ? 

Tf you cannot find a specimen of conglomerate you will pro- 
bably be able to see an artificial material, concrete, which 
resembles it closely. You can make a sample of this artificial 
conglomerate by mixing a few pebbles with moistened Port- 
land or other cement, and letting the mass harden, or the 


Fig. 10. 


Limestone containing numerous small shells, Beachy Island, Lancaster Sound. 
[Mr. A. P. Low, G.S.C.] 


pebbles can be mixed with wet clay. In the latter case the 
mass will harden if dried slowly, Small pebbles should be 
used, 
MARKINGS ON ROCKS. 
There are other points in connection with these rocks 
them in the field, 


such as the marks made by waves on the surface of sand 


which you may observe when examinin 


Oo 
D5 


along a shore. These are known as ripple marks (Fig. 11). 
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Fia. 11. 
Cast of Ripple Marks in clayey sandstone, from the coal fields of Nova Scotia. 
It will be seen that the specimen has been broken across and recemented, one 
side being slightly moved from its original position. 


Fie. 12. 
Ancient Mud Cracks in clay (shale). The material filling the cracks is lighter in 
color than the clay. 
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Somewhat similar forms are produced by wind on sandy sur. 
faces. In very dry weather you will find that surfaces of clay 
deposits have become eracked through shrinkage of the mass. 
Such structures are known as mud cracks (Fig. 12). Rain 
drops, when falling on surfaces of loose, fine-grained sand or 
clay produce characteristic pittings. 

Markings, such as those which we now find on uncon- 
solidated rocks, are frequently found in compact sandstone 


Fic, 13. 
Tracks of an extinct reptile in sandstone. 


and clay rocks formed ages ago, They teach us interesting 
facts about past times. We, learn, for instance, that the 
showers of rain during early periods of the earth’s history 
were similar to those which fall in our own time, since they 
produced like effects on sand and clay. From the tracks 
preserved in certain old sandstones, we learn something of the 
character of the animals which prowled along ancient shore 
lines (Fig. 13). A slab of sandstone, which the writer has 


seen, from the coal mines of Nova Scotia, bears the footprints 
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of an extinct animal, apparently about the size of a cat. The 
tracks show that the animal walked quietly along for a time 
and then made a sudden spring, either to capture prey or to 
escape from an enemy. The footprints preserved in some 
rocks are as numerous as are those to be seen in the soft earth 
of a barnyard. 

Most of these markings which we now find preserved in 
compact rocks have been made along the shore of an ocean. 
During low tide the materials containing footprints and 
ripple-marks become more or less hardened by drying, so that 
the impressions cannot be easily destroyed when again covered 
by water. Moreover, as the water rises on the shore, it tends 
to fillin the depressions with a fresh supply of sand or clay 


carried up by it, and thus the markings are preserved, 


Tt is not difficult to reconstruct ancient geographical bound- 
aries, such as shore lines, by a study of the rocks. You will 
notice that, along present shores, the coarser gravel is not 
carried so far by the water as the sand and clay. Gravel and 
sand are essentially shallow water deposits, if there is no 
current to interfere with their deposition, while the fine par- 
ticles of clay tend to remain in suspension and may find a 
resting place at a considerable distance from the shore. 


FOSSILS AND LIMESTONE. 


Tn examining clay banks or sand pits you will frequently 
find shells of snails, clams, and other small animals, and at 
times the bones or skeletons of larger animals. It is shown 
on following pages that water percolating through rocks 
carries mineral matter such as silica and caleium carbonate in 
solution. When such water comes in contact with the 
remains of animals and plants in sand, clay, or other rocks, 
out of contact with the air, it tends to bring about changes 


in them, sometimes replacing the material in the remains, 
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particle by particle, with mineral matter. In other words, 
the remains become petrified or turned into stone. Petrified 
shells, bones, and other remains, especially if they represent 
extinct forms, are known as fossils. Bones and shells are, 
however, frequently preserved in the rocks without having 
undergone much change. The name “fossil” is applied to 
them as well as to the petrified varieties. Ancient markings 
on rocks, such as tracks, rain prints and ripple marks, are also 
known as fossils. Originally the term fossil had a wider 
meaning and included minerals. It was applied to anything 
dug out of the earth, 

Many animals extract caleium carbonate from water to 
form their hard parts. On the death of such organisms, these 
parts resist decay, and in course of time by their accumulation, 
large masses of shells and other structures are formed. Such 
masses are classed as rocks. Since they are composed essen- 
tially of calcium carbonate they are known as limestone. 
Calcium oxide is usually called lime. The mineral to which 
the name “calcite” is given is composed of calcium carbonate. 

Certain limestones are built up of shells and other calcareous 
remains loosely cemented together. It will be readily under- 
stood that such a mass of material will not stand any great 
amount of pressure, such as it would be subjected to if over- 
laid by beds of clay or sand, without many of the shells and 
other calcareous remains being reduced to fragments. Hence 
we find that many limestones, which at one time were built 
up of shells in a perfect state of preservation, now show little 
evidence of their origin. Chemical changes are also brought 
about in such limestones through the action of water. Shells 
may be completely dissolved and replaced by other material 
from solution. Limestones are, however, great storehouses 
for fossils. Shells and other hard parts of animals are fre- 
quently preserved in such a way as to show all the delicate 
markings and structures of the originals. 
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Great use is made of fossils in geology. We learn from them 
that animals and plants quite different in character from those 
now living were in existence at certain periods of the earth’s 
history. Limestones, sandstones, and other fragmental rocks 
laid down by water at different periods, are found to contain 
characteristic fossils. We are thus able to classify rocks 


Vig, 14. 


Fossils of popular interest. F, favosites; B, “fossil butterfly ’; T, trilobite; 
C, fragments of crinoid stems; O, orthoceratite ; A, ammonite. 


(Less than one-half natural size.) 


according to their ages. From the character of the fossils 
enclosed in the rocks it can be proved that climates different 


from the present have existed in various regions, 


Visit quarries and see if you can find a few fossils, You 
will be able to get them in some of the boulders of fragmental 
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rocks in your neighborhood, if you have not access to 
quarries. 


Many farmers, quarrymen, and others can assist you in your 
search for fossils. They are frequently interested by the 
forms they find in the rocks, especially if these resemble 
living animals or plants. In regions where there are outcrops 
of the older fossiliferous rocks, which will be deseribed later, 
such as the territory which surrounds Lakes Ontario and Krie 
and the greater part of Lake Huron, there are a number of 
fossils of great popular interest. If you live in one of these 
regions you will have little difficulty in obtaining specimens 
of one or more of the fossils about to be mentioned. There is 
a type of extinct coral which is popularly mistaken for 
fossilized “bees nest” (Fig. 14). The scientific name of this 
coral is ‘“favosites” (/avus, honeycomb). The shell of a 
certain small molluse is often called a “fossil butterfly.” 
You may be able to get a specimen resembling this rather 
closely if you cannot get the exact form, 


The fossils which have probably attracted the greatest 
attention from quarrymen are known as trilobites. They 
belong to an extinct group allied to the horse-shoe crab and 
crayfish of existing nature. Some of these fossils bear a resem- 
blance to bull frogs. Hence you will probably find the 
quarrymen so naming them. Fragments of the stems of 
erinoids—stone lilies—have been used for beads. Then there 
is a group of mollusca, whose hard parts are mistaken for 
fossil snakes or the backbones of fishes. Some of these 
animals have straight, and others coiled shells. One of the 
most common of these, which sometimes reaches a length of 
several feet—although usually only a few inches in length— 
is known as the orthoceratite (straight shelled). Another 
form is the ammonite, which has a coiled shell. There are 


other fossils which have long excited popular interest, but 


CLASSES OF ROCKS oN 


those mentioned will give the reader an idea of the mistakes 
which are commonly made concerning the character of extinct 
animals. We shall have something further to say about fossils 


on later pages. 
CLASSES OF ROCKS. 


We have said that clay is changed by pressure, accompanied 
by heat, to slate. Sand and sandstones, when subjected to 
these agencies, become more compact and tougher. The rocks 
produced from them are known as quartzites. When lime- 
stones are similarly treated they become more compact and 
brighter, being changed to what is known as crystalline 
limestone or marble. Slate, quartzite and crystalline lime- 
stone, being altered or changed rocks, are usually put in a class 
which is known as that of the metamorphic rocks. Since 
ordinary, unaltered sand and sandstone, conglomerate, clay 
or shale, and limestone are built up of fragments of minerals 
and rocks, they are commonly classified as the fragmental or 
sedimentary rocks. The name aqueous is also applied to 
them, owing to the fact that they are usually laid down by 
water. Granite, syenite, and others, which we have spoken 
of as the massive rocks, can be proved to have consolidated 
from molten material. They are, for this reason, placed in a 
third class known as that of the igneous or heat-formed 


rocks. 


On the basis of origin we can therefore divide rocks into 


three great classes :— 


1. Aqueous or Fragmental. 2. Igneous. 3. Metamorphic 
or Altered. 


The reader will understand from what has been said that 
the members of any one class differ from one another chiefly 
in the minerals which they contain. In the igneous or massive 
class, for example, we have shown that the difference between 
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granite and syenite is in the presence of quartz, as an essential 
constituent in the former, and its absence in the latter. 
Similarly in the aqueous class, sandstone is composed of quartz 


and limestone of calcite. 


The conglomerate represented in fig. 8 has been subjected 
to pressure, and belongs more properly to the metamorphic 
class than to the aqueous. It is seen that all the pebbles 
have their longest diameter in one direction. This is due to 
great and long continued pressure which has drawn out the 
pebbles without fracturing them. It will be readily under- 
stood that similar effects may be produced by pressure on the 
grains of igneous rocks. Thus granite and syenite at times, 
owing to this cause, take on a crudely bedded or layerlike 
form and are changed to granite-gneiss or syenite-gneiss. 
Other massive rocks are similarly affected. When the 
pressure has leen very great, thin layers or lamin are pro- 
duced in igneous rocks along which they split or separate 
more or less easily. A rock possessing this structure is known 
as a schist. In addition to quartzite, slate and crystalline 
limestone which we have mentioned, the metamorphic class 


embraces, therefore, two other members, gneiss and schist, 


Tt may be added that certain aqueous rocks also give rise 
to gneiss and schist when subjected to pressure and other 


agencies. 


The reader will not be able, without a great deal of practice, 

to name some of the rocks with which he meets. For practical 
] 

purposes much will be achieved if he can satisfy himself as to 


what class a specimen of the material in an outcrop belongs. 


Try at first to get in your collection one or more specimens 
of each of the three great classes. Let limestone or sand- 
stone represent the aqueous class, granite the igneous, and 


slate or marble the metamorphic. 
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Gravel deposits and beds of sand frequently become con- 
solidated without the action of pressure. Some substance 
such as calcium carbonate, silica, or oxide of iron is deposited 
between the fragments by circulating water. They are thus 
gradually cemented together. That some waters contain a 
considerable percentage of these substances in solution can 
easily be proved. It can be observed in every household that 
calcium carbonate, so-called lime, gradually accumulates in tea 
kettles in which only what is generally known as pure water 
is boiled. The calcium earbonate must therefore be in solution 
in water of this kind. Kettles in which well or spring water 
is boiled especially in limestone regions, usually accumulate 
more solid material than those in which water from large lakes 
is used. Similar accumulations are found in steam boilers. 
The reader may live in a district in which this solvent action 
of water is made much more evident. For instance, he may 
be acquainted with springs which deposit calcium carbonate 
or silica as their waters issue from the earth. Leaves, twigs 
and other objects which fall into such waters frequently 
become coated especially with calcium carbonate. Around the 
hot springs of the Yellowstone Park and elsewhere the waters 
deposit much silica. Salts of iron can be tasted in some well 
waters. It is thus not difficult to understand where the three 
cement substances come from, which we frequently find binding 
together the fragments in sandstones, conglomerates and other 
rocks. We likewise learn how eracks or fissures in rocks come 
to be filled at times with silica in the form of quartz, or with 
calcium carbonate, and other substances to produce so-called 


mineral veins (Fig. 15). 


The fact that water tends to dissolve rocks is not so easy to 
prove as is the fact that it carries certain substances in solution, 


This is owing to the slowness with which solution takes place. 
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Tt is not difficult, however, to prove that rain water contains 
much less material in solution than that which runs off the 
surface in streams and rivers. We thus learn that the water 


Fig. 15, 


Quartz vein, Poplar Creek, B.C. 
The vein shown in the illustration is exposed on a steep hill side. The men are 
standing on the rock at the sides of the vein. The quartz is gold-bearing. 
[Prof. R. W. Brock, G.S.C.] 


in soaking through the soil or running over the surface 
dissolves mineral matter. The rounded surfaces and enlarge- 


ment of the cracks in limestones exhibit the solvent effects of 
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water, as well as do the underground channels and caverns 
frequently found in these rocks (lig. 16). Inseriptions on 


tombstones made of this rock also become gradually obliterated, 


RG Le 


Fia. 16. 
Surface of limestone on Barriefield common, Kingston, Ont., showing the destructive 
effects of water, frost and vegetation. 


[Dr. H. M. Amt, G.S.C.] 
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as may be seen by comparing those on stones which have 
been erected some years apart. 


The solvent effect of rain water on such rocks is due to the 
gases which it dissolves in its passage through the atmosphere. 
Carbon dioxide is exhaled by animals, and is evolved in the 
burning of fuel. Its supply is consequently being continually 
renewed in the air. This gas when in solution attacks 
especially the lime and the alkalies of the minerals in rocks 
and carries them away in solution as carbonates (see feldspar 
page 93). In the burning of coal, more or less sulphur dioxide 
gas passes into the air along with carbon dioxide, and it has 
a powerful solvent effect on mineral matter. It has been 
observed, for instance, that the inscriptions on tombstones in 
the neighborhood of cities become dimmed more quickly than 
on those in Jess populous districts. ‘The oxygen of the air in 
the presence of moisture is also a rock destroyer. It attacks 
especially the iron, which is found in nearly all rocks, and 
combines with it. Its effects are strikingly seen on rocks 
which contain iron sulphide. Such rocks break down rapidly, 
oxide of iron and sulphur dioxide or sulphates being formed. 
That dry air has little power to bring about oxidation is 
shown by the fact that iron or steel instruments when kept 
from moisture do not rust. On the other hand, if they are left 
in a damp place for a short time they rapidly become oxidized, 

Possibly the most striking example of the rapid oxidation 
of minerals in the presence of moisture is furnished by the 
mineral niccolite. Place a small piece on a wet cloth under a 
drinking glass at room temperature. Watch the change from 
day to day for a week. The greenish white coating is a mix- 
ture of the green nickel bloom and the pink cobalt bloom. 
The coating is moderately soluble and is poisonous. 


Water is thus shown to play an important part in the 
destruction of rocks by chemical means. That its mechanical 
effects are also very great is apparent to every observer. We 
see mud and sand carried along by streamlets after a shower. 
The banks and beds of ditches and streams are cut down, and 
roadways, especially if hilly and composed of sand or clay, 


ACTION OF WATER AND OTHER AGENTS 27 


need to be repaired from year to year. Rapidly flowing 
streams or rivers frequently transport pebbles or even bould- 
ers. The reader, if he lives near the shore of a lake or 
ocean, can see the powerful mechanical effects produced by 
waves. It will there be made more apparent to him than by 
stream action, how fragments of rock are rounded and ground 
to granular or powdery material. The pebbles and grains not 


Fig, 17. 
Shales weathered by storm and wave action, Arisaig, Antigonish County, 


Nova Scotia. a 

[Dr. H. M. Aut G.S.C.] 

only abrade one another but they also wear away the solid 

ledges against which they may be rolled. At times when 

there is a heavy sea along a cliff, the pebbles may be hurled 

against it with such force that they have the effect of artillery 
(eres, Ip} 

Where an eddy occurs in which gravel and boulders are 

kept in gyration, round holes known as pot holes, are frequently 


eo 
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cut in the rock of a stream bed (Fig. 18). These holes are 
sometimes mere cup-like depressions ; at others they are like 
huge caldrons. Water falling through a erack in a thick 
ice-sheet and carrying stones with it may produce similar 


effects. 


Vie. 18, 


Pot Hole, three or four feet deep, in a glaciated surface, Mattawa river, Ont. The 
hole is nearly filled with water and fragments of rock. 


Tn northern countries the highly destructive effects brought 
about by ice on rocks is apparent to every one. Water freezing 
in cracks and crevices and expanding acts like a wedge, split- 
ting and prying pieces off. Glaciers also, which may be briefly 


defined as rivers of ice, flow slowly down from mountain tops 
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and, with the boulders or angular fragments frozen into their 
masses, striate, groove, polish and cut away the rocks over 
which they pass, carrying the loosened material onward 
(Figs. 19, 20) 

This brief description of the effects produced on rocks will, 


it is hoped, suffice to convince the reader that water is an 


Fie. 19. 


A Glacier flowing to the sea from interior ice-cap. Small fiord at Pondo Inlet, North 


Baflin Island. 
[Mr. A. P. Low, G.S.C.] 


important destructive agent, and that there is what may be 
called death and decay in the inanimate world. He will also 
now understand how the loose materials, sand, gravel and 
clay, among which is embraced soil, are derived from compact 
rocks, and by what means they are re-cemented into the 
compact form, It should be noted that water has not only 
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destructive effects, but that it has reproductive effeets as well, 
When the sand, gravel and clay are deposited by water, rocks 
are reproduced. 

We have seen that sand and some clay oceur in well 
defined beds (Fig. 5). If the reader does not understand how 


this bedded structure is produced, let him study the method of 


Fig. 20, 


Rock surface striated by a glacier. 


deposition in some pool or at the mouth of some streamlet. 
He will there see the sorting action which water has on 
material of different degrees of fineness. Or he can throw a 
couple of handfuls of a mixture of fine gravel, sand and clay, 
into water, preferably in a large glass vessel, and observe the 


layers formed when the material has settled. 
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While, as has been shown, air free from moisture has little 
chemical effect on rocks, its mechanical effects can be seen in 
any locality. Wind transports dust and sand and, at times, 
larger fragments of rock. Sand hills or dunes are formed, and 


important changes are brought ahout on the surface of the earth 


Sand Dune. The row of posts is intended to retard the movement of the sand 
so as to prevent the destruction of forests. Prince Edward County, Ont. 

{Ontario Forestry Branch.] 
through this agency (Fig. 21). In some districts, at certain 
periods of the year, the temperature during the day is much 
higher than that during the night. Sudden expansion and 
contraction is thus brought about on the surfaces of rocks 
causing blocks or slabs of considerable size to be broken off. 


Masses of rock have also been broken up by lightning. 
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ANIMALS AND PLAN'S. 


Animals and plants, as well as water and air, play an 
important part in the breaking down of rocks. Plants tend 
to keep surfaces moist and thus produce destructive effects, 
and on their death and decay give rise to compounds which 
have solvent powers. Their roots are often inserted in cracks 
in rocks, and large blocks may be wedged off. Forests are 
supposed to attract rain, and they thus promote disintegration. 
Animals also bring about important effects. The burrowing 
kinds throw up the soil and expose it to the’ wind. Embank- 
ments have frequently been weakened by burrowing animals. 
The beaver dams up streams and forms ponds, and at times 
diverts the course of streams. By human interference great 
effects have been produced. By the destruction of forests 
rocks are laid bare to the action of wind. The flow of water 
has been altered, and many other changes have been brought 


about by man. 


Animals and plants have, on the other hand, been important 
agents in the formation of rocks. Plant remains have given 
rise to coal beds. Coral reefs and accumulations of shells of 
animals are chiefly responsible for the production of limestones 
which form such an important group of rocks over the earth’s 
surface. Growing plants protect soil from the wind, equalize 


the flow of water, and have other protective effects. 


VOLCANOES AND EARTHQUAKES. 


Tn addition to the agents —water, air and life—which bring 
about the decay, or what is called, in a general way, weather- 
ing, of rocks at the surface of the earth, there are others 
whose source is within the crust. These include chietly 
volcanoes and earthquakes. The name ‘ voleano” is applied, 
typically, to a conical hill or mountain (built up mainly of 


erupted material), from the summit of which hot vapors, fine 
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and coarse fragments of rock, and streams of molten matter 
are intermittently expelled (Fig, 22). There is usually a cup- 
shaped depression, known as a crater, at the top of such hills, 
which is connected by means of a pipe or chimney with a 
molten interior. ‘The eruptions, often accompanied by violent 
explosions, appear to be due to the expansion of water-vapour 


and other gases. As few of our readers have an opportunity 


Fig. 22. 


Cone of a Volcano, built up of erupted material, 
Ngaurohoe, New Zealand, [Puoto—E, 8, Moorr] 


of seeing active volcanoes, we shall content ourselves with the 
foregoing brief description, and shall refer those desiring 
fuller accounts to some of the numerous text-books of geology 
in which the phenomena are described. It may be added, 
however, that in many districts the former presence of active 


voleanoes can be proved. Tor this reason a knowledge of 
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their effects is important. The molten matter which has 
flowed from them has given rise, at times, to wide-spread 
sheets of rock which have greatly changed the appearance 
of the surface. Knowing what the characters of the rocks 
now produced around volcanoes are, we can easily recognize 
these ancient flows. The fragmental material thrown out 
from voleanoes, which may be in the form of fine dust, called 
ash, or in blocks of various sizes, is to be found in many 
districts, thus proving the presence of voleances ages ago. 


Much of this material is more or less glass-like. 


The disturbances in the crust known as earthquakes occur 
at the present time in nearly all districts, although some of 
them are so slight that they are not ordinarily recognized, 
their occurrence being detected only by means of delicate 
instruments. These disturbances in the crust are in some 
cases so strong as to bring about the destruction of buildings 
and other structures. In the more violent kinds cracks are 
sometimes formed in the erust and can be recognized at the 
surface of the ground. Earthquakes are due chiefly to the 
cooling and shrinkage of the crust, but may be produced by 


the fulling in of the roofs of caverns, and by other means. 


In addition to the effects produced on rocks by the agency 
of volcanoes and earthquakes, there are movements in the 
erust which are so gradual as to be almost imperceptible. 
Through long-continued and enormous pressure the rocks are 
folded and warped, often on a large scale, thus causing some 
parts of the surface to rise and others to sink. The coast of 
Newfoundland, for example, is gradually rising while that of 
Greenland is as gradually sinking; the coast in one place 
being on the apex of a great fold, while in the other it is in a 
trough-like depression. Mountain ranges and tablelands are 
produced by such movements. Hence we see why marine 


fossils are, at times, found high above the present sea level 
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From this brief reference to the agents at work on the 
earth’s erust, we see that rocks are constantly undergoing 
change. Material is being broken down in one place, and 
redeposited in another. Rock matter is brought from the 
interior to the surface of the earth. Cracks, folds, and other 
structures are being formed (Figs. 75, 79). Minerals which, 
as we have seen, are the units of which the whole crust is 
built up, are thus found to be derived from various sources and 


io occur under many conditions, 


PAs ot 


A.—PHYSICAL CHARACTERS OF MINERALS 


Some of the chief physical characters of minerals depend 
upon the arrangement of their molecules, or, in other words, 
upon their crystallization. The term crystal has been briefly 
explained on a preceding page. (p. 7.) 


Crystals.—There are six systems of crystallization, to one 
or another of which all crystals belong. Substances which are 
not crystalline, that is, their molecules are not arranged in 
any definite order, are said to be amorphous!. Glass is one of 
these. The term crystal is sometimes, therefore, wrongly used 
in such expressions as “crystal glass” or ‘clear as crystal,” 
meaning a bright, transparent substance. While some crystals 
are transparent, such as those of quartz and calcite (which 
may, however, be opaque) and the gem varieties of the 
diamond and other minerals, the majority are opaque or at 


times translucent. 


A knowledge of crystallography, the science of crystals, is 
not only of value in the determination of minerals, but use is 
also made of it in chemistry. Many salts prepared in the 
laboratory can be identified by the forms in which they 
erystallize when the solutions, in which they are dissolved, 
evaporate under favorable conditions. 


1 Certain minerals occur, at times, in imitative shapes ; such terms as the following 
are then used in describing them —nodular, mossy, filiform or thread-like, dendritic 
or branching tree-like, reticulated or net-like, reniform or kidney-shaped, botryoidal, 
i.e, consisting of a group of rounded prominences (from Greek botros, a bunch of 


grapes). 
36 
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The Systems of Crystallization.— 

1. The Isometric or Regular system possesses three axes, or 
imaginary lines of equal length, which cross at right angles, as 
shown in Figs. 23, 24 

The axes of the Tetragonal system, which are three in 
number, cross at right angles, the two horizontal ones being of 
equal length but longer or shorter than the vertical (Fig. 25). 

The Orthorhombic system has three axes of unequal 
length which cross at right angles (Fig. 26, «). 

4. In the Monoclinic system one axis is vertical and one 
horizontal while the third axis is inclined to the vertical but 
at right angles to the horizontal (Fig. 26, b). Usually no two 
axes are the same length. 

5. In the Triclinic system no two of the three axes cross 
each other at right angles. The axes are of unequal lengths 
(Fig. 26, ¢). E 

6. There are four axes in the Hexagonal system, three 
horizontal ones, of equal length, which make angles of 60° 
with one another, and a vertical one which stands at right 


angles to the other three (Fig. 27). 
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Axes or Crystau Systems.—A. Isometric; B. T 

f oN ‘etragonal (the vertical < 
being longer or shorter than the horizontal axes); C. Hexagonal; D. es ee 
£. Monoclinic (there being an oblique angle B. be tween the a and c axes). 


Mope ts or Orysta.s. 
The relations of the forms in each system will be seen from 
the figures. The reader will, however, understand these forms 
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better if he makes models of them. Models suitable for 
preserving in a collection are commonly cut out of wood, or 
the faces of the different forms may be made of pasteboard, 
glass or celluloid, and cemented or glued together. If glass or 
celluloid models are used, these materials both being trans- 


parent, the axes can be represented by threads within the model, 


FG, 24,—ISOMETRIC SYSTEM. 


i. Important simple forms:—a, Cube showing axes; b, Octahedron; e, Rhombic 
Dodecahedron (a solid with twelve rhombic faces); d, Trapezohedron (a solid 
bounded by twenty-four trapeziums). 

2. Combinations of two forms:—e, f, Cube and Octahedron; g, Octahedron and 
Rhombic Dodecahedron; A, Cube and Rhombic Dodecahedron; 7, Octahedron 
and Trapezohedron. 

3. If we consider alternate faces of the Octahedron to be suppressed, as in the shaded 
faces of j, a half-form with four triangular faces, known as the Tetrahedron, k, 
results. The Pentagonal Dodecahedron, lJ, is another common half-form of the 
Isometric system; m is a combination of this form with the cube, and n is a 
combination of the Cube and Tetrahedron. 


For practice in making models and in studying the deriva- 
tion of one form from another in a system, the author has 
found paraflin, such as is commonly sold in drug stores, one of 
the most suitable materials. It is easily cut, and the shavings 


and fragments can be melted into a mass and used over again. 
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Fic. TETRAGONAL SYSTEM. 

a and b Pyramids, ¢ and d Prisms, owing to the position of the axes @ is known as the 
pyramid of the jirst order and b of the second order. Similarly cis the prism of 
the first order and d of the second order. e is a combination of the forms @, b, c, d, 
the basal planes being absent. 

ORTHORHOMBIC SYSTEM. 

The forms of this system differ from those of the tetragonal system in that while 

the axes cross at right angles no two of the three are of the same length. 


TOU 


a b c 
Fig. 26. 

@ represents an Orthorhombic crystal of sulphur. Other crystals of this system 
are shown in Figs, 3L and 54. 6 represents a Monoclinic crystal, and ¢ a 
Triclinic erystal, d is a crystal of the Tetragonal system, which has the 
appearance of having been cut across and one-half revolved through an angle 
of 180° on the other half. Such erystals are known as twins, and are of not 
uncommon occurrence, ¢.g., twin octahedrons, On a following page a figure 
of a twin crystal of feldspar is shown. 


Oe 


Fie, 27.—HEXAGONAL SYSTEM. 
a, Hexagonal Pyramid showing axes; 0, Prism; ec, combination of Pyramid and 


é@ 


Prism, without basal planes; d, Rhombohedron ; e, Scalenohedron, 
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Tf nothing else is at hand one can cut a model from a potato 
or an apple. 

For practice the reader should first try to make models of 
the common forms of the isometric system. Make a cube, 
Then cut off a small amount from each of the eight corners, 
being careful to remove the same amount from each corner 
and to see that the new planes make equal angles with each of 
the cube faces. A combination of the cube and octahedron is 
thus produced (Fig. 24,¢,/). Ifthe cutting is continued evenly 
on each corner the cube faces finally disappear and the 
octahedron results. It will be found that by truncating each 
of the twelve edges of the cube a rhombie dodecahedron is 
produced (Fig. 24, 2). The reader should continue his experi- 
ments with models until he has learned how any form of this 
system can be produced from another. He should then study 
the simpler forms of the five other systems in the same way. 


Pasteboard models can be made by using diagrams such as 
those shown in Fig. 28, a-h. Draw these on the pasteboard. 
Use a sharp knife and cut the inner lines, shown in the 
diagrams, only part way through so that the pasteboard can 
be bent to the required shape along these cuts. Bend the 
parts into the form and bind the edges or corners with paper 


and paste, or sew them together 


Crystals are frequently more or less distorted in nature. 
The reader should therefore not expect to find them as perfect 
in form as models which he may be shown or as diagrams 
usually represent them to be. <A cubic crystal, for instance, 
may occur distorted in such a way as to resemble a crystal of 
the tetragonal system (Fig. 25, d). The lustre or aspect will be 
found to be the same on all the faces of the distorted cube, 
while that of the two end faces of a tetragonal crystal, which 
it resembles, is frequently different from that of the other 
faces. Cleavage also frequently aids in distinguishing distorted 
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Fie, 28. 
DIAGRAMS FOR THRE CONSTRUCTION OF CRYSTAL MODRLS. 


Make enlarged drawings, about five times as large, of these diagrams on pasteboard 
and construct models according to the directions in the text. 


a, Cube (Fig. 24a); b, Octahedron (Fig. 24b); c, Tetrahedron (Fig. 24k); 
d, Combination of Tetragonal Prism and Pyramid (P, pyramidal plane); 
e, Orthorhombic Prism (8, basal plane); f, Hexagonal Prism (B, basal plane) 
(Fig. 27b); g, Rhombohedron (Fig. 27d); h, Scalenohedron (Fig. 27e). 
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crystals, as will be seen from the description of minerals on 
other pages. 

The fact that the angles ofcrystals always remain the same 
is, however, most commonly made use of in determining dis- 
torted forms. The octahedron of the isometric system, for 
example, always measures 109° 28’ over an edge, and, if we 
have the means of measuring the angle, this octahedron cannot 
be confused with the octahedrons or pyramids of the tetragonal 
or rhombic systems. The measurement of angles and other 
methods of determining crystals are beyond the scope of this 


CSL 


b C 


Distorted Crystals are of frequent occurrence. band c are distorted representatives 
of the octahedron a. 


book, and we shall content ourselves by referring the reader to 
larger works for descriptions of these methods. Butit may be 
added that the instrument used in measuring angles is known 
as a goniometer. The more commonly occurring minerals can 
be recognized by physical tests which are described in follow 
ing paragraphs. 

Instructive experiments can be made in the production of 
crystals. Make somewhat concentrated solutions by dissolving 
one or more of the following substances, each by itself, in the 
form of powder in warm water—potash alum, copper sulphate, 
iron sulphate, common salt, nitre. Place any one of these 
solutionsin a wide-mouthed vessel, such as a glass beaker or 
fruit dish, and set in a warm, dry place free from dust. It 
will be found that in the course of a few days, as evaporation 
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takes place, crystals of the salts will separate out. Their 
growth can be watched from day to day. Suspend a piece of 
alum by a fine thread in a concentrated cold solution of this 
salt and leave it for a few days. The piece will gradually 
increase in size by the addition of alum from solution, giving 
rise in time to a well formed crystal. Delicate crystals of ice 
of great beauty can sometimes be seen On window panes and 
elsewhere. The reader should look for examples of erystal- 


lization such as these. 


Cleavage.—Certain crystals or fragments of minerals are 
found to break or split, with more or less smooth surfaces, in 
some directions more readily than in others. This character 
is known as cleavage. We have already seen that feldspar 
exhibits this phenomenon, while quartz does not (Fig. 3). 
Many minerals exhibit cleavage in a number of directions. 
The result of this is that characteristic forms are produced, 
e.g., as in the case of feldspar. If a cleavage piece of this 
mineral be examined it will be seen that certain faces or planes 
are smoother than others. The cleavage is thus shown to be 


more perfect in certain directions than in others. 


When cleavage is very imperfect or absent, the surface 
produced by the fracture of a mineral specimen is often 
characteristic. In certain cases the surface may resemble 
that of a piece of broken iron, when it is said to be ‘hackly.” 
At other times the fracture is described by the use of certain 
common terms such as uneven or splintery. Quartz and other 
minerals may show what is known as a conchoidal or shell-like 


fracture. 


Hardnegs.—One of the characters most commonly made 
use of in determinative mineralogy is that of hardness. 
Certain minerals are very soft. They may be easily scratched 
with the fingernail or will produce, if they are not colorless, a 


line on a sheet of white paper if drawn gently across tt ‘To 
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this is due the use which is made of the mineral known in 
commerce as “black lead.” Some minerals, on the other 
hand, are so hard that they cannot be cut or scratched by 
hardened steel. The high degree of hardness of some of these 
is the property which makes them useful in the arts. Common 
grindstones, which are composed essentially of quartz, and 
wheels of similar form made of the mineral emery, are 
employed in the grinding down or sharpening of iron and 
steel tools. The use of the diamond in cutting glass and in 
grinding and polishing other materials is well known. The 
hardness of an unknown mineral is usually determined by 
comparing it with that of well-known minerals. For this 
purpose ten minerals of varying degrees of hardness have 
been selected. Conventionally these are said to range in 
hardness from | degree, the softest, to 10 degrees, the hardest. 
Theoretically, however, the degrees are not all equal, that 
between one and two, for instance, being less than that 
between nine and ten. We shall refer to this scale of hard- 
ness again, after we have described the minerals which are 
used in the scale. (p. 111). 

If a specimen of quartz be drawn with a slight pressure 
over a piece of ordinary glass, e.g., window glass, 1t will be 
seen that the mineral leaves a mark on the glass which cannot 
be rubbed off. The quartz is said to scratch the glass and is 
thus found to be of superior hardness. Minerals of a con- 
siderably less degree of hardness may make a mark on the glass 
which disappears on rubbing with the finger or handkerchief. 
Tt is thus necessary to avoid confusion by distinguishing clearly 
between marking and seratching. Those minerals which are 
harder than quartz, 7, are few in number and include the 
highly-prized gem stones. A smooth face of a clear quartz 
crystal serves as an easy means of detecting these minerals. 
Such crystals cost a few cents apiece, and one of them should 


be carried while on a mineral-hunting expedition. Compare 
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the hardness of feldspar, mica and calcite, which were 
mentioned in speaking of granite and limestone, with that of 
quartz. Try to seratch each of these minerals with a pocket 
knife. 

Minerals possessing a hardness of 1 or 2 degrees are easily 
scratched by the finger-nail. The former possesses a soft, 
soapy or greasy feelin the hand. Those with a hardness of 
3 cannot be seratched by the finger-nail, but are easily cut 
by the knife. Those with a hardness of 4 can be scratched 
by the knife, but are not easily cut. 


A. mineral whose hardness is 5 is somewhat difficult to 
seratch with a knife, while one whose hardness is 6 is scarcely 
scratched, if at all, by the knife. 


Tt should be remembered that minerals are frequently mixed 
in nature. Hence in testing the hardness of a mineral com- 
paratively low in the scale a scratch may be made on glass by 


minute grains of other minerals in the specimen. 


On the other hand, it should not be forgotten that most 
minerals become altered or changed to other compounds in the 
course of time. The secondary minerals thus formed frequently 
possesses a lower degree of hardness than those from which 
they were derived. The hardness of a partly altered mineral 
is therefore deceiving at times. A distinction is to be made 
between the hardness of a mineral and the quality which 
practically ail hard minerals possess of breaking or separating 
readily into fragments with a blow. Native gold and silver, 
which are low in the szale of hardness, can be flattened out with 
a blow from a hammer without breaking into fragments. They, 
and a few other minerals possessing this quality, are said to be 
malleable. Quartz and most minerals fly to pieces when so 
treated and are termed brittle. Gold and silver can be drawn 


out into wire or pressed into other forms and are said to be 
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ductile. The terms sectile, flexible, and elastic will be referred 
to when describing certain mineral species. 

Magnetism.—T wo minerals, deseribed on following pages, 
attract the magnet and are said to be magnetic. While mag- 
netism may be detected by bringing an ordinary magnet, of 
the horse-shoe or bar form, almost in touch with a hand 
specimen or large fragment of a mineral, it is best to reduce a 
part of the specimen to a coarse powder. ‘Then if the magnet 
is brought close to the grains they will rise and cling to it. 
Magnetic minerals at times occur in large masses. They then 
exert such an influence on a compass as to render it unfit for 
use in their vicinity. 

A pocket knife with a magnetized blade is one of the most 
serviceable magnets, the knife being also useful for determin- 


ing the hardness of minerals. 


Lustre or Aspect.—In reference to this character 
minerals are divided broadly into two groups: (1) those 
with a metallic lustre, as that of steel, silver, copper, or 


other common metal; (2) those with a non-metallic lustre, 


such as that possessed by substances which are generally 


spoken of as stones. Certain substances possess a lustre 
intermediate between metallic and non-metallic, e.g., that of 
hard coal, which is spoken of as sub-netallic. There are several 
varieties of non-metallic lustres, and such terms as earthy, 
stony, silky, resinous, vitreous or glassy, and adamantine are 
used to deseribe them. The application of some of these terms 
will be learned from the descriptions of minerals on following 
pages. 

Minerals of a true metallic aspect are always opaque, even 
on a thin edge, while their powder is always black or 


distinctly colored. 


Color. — There are few minerals among those with a 


metallic lustre which vary in color, no matter from what 
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localities they are brought, or under what conditions they 
are found. This character becomes of great value in deter- 
mining minerals which belong to this class. Steel, pure gold 
and copper, and other metals used in the arts, also possess a 
color which does not vary. It should be remembered, how- 
ever, that the colors may change on the surface of some of 


these substances through tarnishing. 


Minerals of a non-metallic aspect show great variability 
in color. FKeldspar is commonly white, gray, or pink, and 
more rarely black or green, Quartz may be found of many 


colors. 


Streak.—If an edge or corner of a mineral specimen is 
drawn across a piece of unglazed porcelain, a mark is usually 
left which shows the color of what is technically known as the 
“streak ” of the mineral. The character is a valuable one on 
account of its uniformity. No matter how many colors a 
mineral may exhibit in different specimens, the streak will 
remain the same throughout. White, black, and green feld- 


spar, for example, all possess a white streak. 


A small three-cornered file is useful in determining the 
streak of moderately hard minerals. In trying the streak of 
very hard minerals it is necessary to crush a part of the 
specimen to fine powder, the color of which represents the 
streak ; otherwise a greyish black streak, from the abrasion 
of the file, is likely to be left on the specimen. It is of 
course not necessary to try the streak of white or colorless 
minerals, 

Fusibility.—This and other characters depending on heat 
are mentioned on another page in the description of minerals. 

Transparency.—The terms transparent, translucent, opa- 


que and certain other optical terms will be made use of in 


describing individual minerals. 
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A few minerals are more or less soluble 


Taste and Odor. 


in water and possess a characteristic taste. The terms used in 


describing this character, such as saline, the taste of common 
salt, are self-explanatory. 

Certain minerals and rocks have a distinct odor under some 
conditions. Moistened clay and minerals of similar composition 
give off an argillaceous, or clayey, odor when breathed upon. 
A few varieties of limestone and other rocks and minerals, 
impure through the presence of some compound of sulphur, 
have a fetid odor, or odor of rotten eggs, if rubbed or struck 
sharply. If specimens or masses of certain arsenic-holding 
minerals are struck with a hammer a garlic odor rises. If 
certain sulphides are similarly treated a sulphurous odor is 


produced. 


Specific Gravity.—If equal sized specimens of feldspar 
and iron or lead be examined in the hand it will be found that 
one is much heavier than the other. Lesser differences in 
weight are found among most minerals. This fact that equal 
volumes or bulks of different minerals are found to be diflerent 
in weight, when examined in the hand or placed on a balance, 
is of importance. With a little practice it is often possible to 
distinguish, by the weight in the hand, two minerals which 
look much alike. 


sy the use of even a rough balance, such as an “apothecary’s 
scale,” it is easy to make finer distinctions between minerals 
than by the hand. Ifa fragment or crystal of a mineral be 
weighed, first in air and then in water, we obtain data with 
which we can make very delicate distinctions between 
minerals. A crystal of calcite, for instance, was found to 
weigh, when suspended in the air, 66 grains. When suspended 
in water the weight was 42 grains. 

The loss of weight in the latter case equals the weight of 


the displaced water. The specific gravity of the mineral is 
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determined by dividing the weight in air, by the difference 


between the weight in air and the weight in water. 


= ey) 


66 66 15 
66 — 42 24 


The specimen is thus shown to be 2.75 times heavier than 


an equal volume of water. Its specific gravity is hence said 
to be 2.78. 


An apothecary’s balance can be easily adapted to specific 
gravity determinations. Shorten the strings on one of the 
pans and make a hole through the pan for the passage of a 
horse hair or silk thread, four or five inches in length. The 
free or lower end of the hair or thread is tied into a slip-knot 


for holding the specimen whose weight is sought. 


Specific gravity is made use of in ascertaining the amount, 
in tons, of ore in heaps or in deposits of known dimensions. 
A specimen of ore, for instance, has a specific gravity of 5. 
A deposit of this ore is known to be 100 feet in length, 200 
feet in depth and 10 feet in thickness. This represents 
100 x 200 x 10= 200,000 cubie feet. Since the ore has a 
specific gravity of 5, and a cubic foot of water weighs 62.32 


Ibs., the ore known to be in the deposit weighs— 
200,000 x 5 x 62.32 
2000 


= 31,160 tons of 2000 Ibs. 


Use or PuysicAL CHARACTERS. 


Tn order to test his knowledge of the physical characters of 
minerals, which have now been described, the reader should 
make use of the following table in the determination of any 


specimens of common minerals he may have at hand, 


TABLE FOR THE DETERMINATION OF COMMON 
MINERALS BY FIELD TESTS 


[The numbers in brackets refer to pages in this book where the mineral is described.] 


I—The Mineral Has a Metallic Lustre. 


A.—YELLOW COLOR. 
1.—Only slightly scratched by knife; scratch glass. 
3rass yellow; often in cubes; / lron Pyrires, Pyrrre 
streak, grayish black......... § or Foou’s Gop. . .(64) 
Light yellow or yellowish white; 
weathers easily to rust which 


Hasanley bashes. os ctcs ieiseis <-siels Maroasirn........ (68) 
2,.—Easily seratched by knife. 
IVT AGG ery csrcists at san crore se Native Gorp...... (60) 


Magnetic; yellowish to reddish 
bronze yellow in color; surface | PYRRHOTITE OR 
often tarnished; streak, black;/ Magneric PyrivrEs. (66) 
DELEDL Or warrenane epuetelsl leur an iseere 
Brass yellow with often a vari- | Ge EGIT anne 
egated tarnish; streak, dark ; ; . 
; : ; J CoprER Pynxtres. (67) 
green or greenish black; brittle 
B.—RED COLOR. 
1.—Malleable. 
Frequently tarnished green or 
ID Sener ctstesavaretade lessens teenele. seoseers Native Coprmr.. . (63) 
2.— Non-Malleable. 
Perhaps slightly magnetic; 
streak, red; more or less earthy. Rep HEMATITE... .(79) 
Variegated purple tarnish, but 
reddish bronze on fresh frac- 
ture; streak grayish black..... DORNINM chetece: eisteiee (68) 
Pale copper-red; hard; heavy; 
brittle; streak, pale brownish- 
PLES copper nestor eicichtercuseosracets NICOOMTE.........+ (69, 
C.—GRAY COLOR. 
1.—Scarcely scratched by knife 5 
Steel gray color; micaceous } SPECULAR ORE 
structure; streak, dull red.... § on Hemarire....(79) 
2.—Easily scratched by kn ife. 
HALCOCITE OR 
Coprmr GLanog,,(72) 
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Lead-gray color; cubic cleayage 
or granular; heavy; brittle.... GALENA.........-- (70) 
Bluish light gray; often dark 
tarnish ; good cleavage in one 
direction. .....-. eae Hil wo STIBNITE..... meee ey) 


D.—W HITE COLOR. 
1.—Scarcely scratched by knife. 
Silver-white or pale gray with) 
yellowish tinge; streak, grayish | Aresmire eam on 
black; heavy; garlic odor when MISPICKEL...... (6S) 
struck by hammer........... 
Silver white or pale gray with 
bluish tinge; streak black; 
heavy; garlic odor when struck 
Pyyshiamnm Gtaer rere seve aie eretor cos SMOUATNTDE: sy. soe'erere:y (OU) 


Silver white or pale gray with 
reddish tinge; streak black; 
heavy; garlic odor when struck 
Py bam Ors setae stay che te eree oars COBATTITE:. 2.5.55 (69) 
White to pale brass yellow; ex- 
posed surface rusted.......... MARCASITE....... =. (€6) 
2.—Easily seratched. 
Malleable; often black tarnish 
and wire-like or leafy form.... Navive Sriver... . (62) 


E.—BLACK COLOR. 

1.—Scarcely scratched by knife. 
Streak, black; magnetic...... MAGNETITE........ (80) 
Streak, brown or blackish brown; | TrraNrFEROUS 
scarcely a trace of magnetism.. f Inon Orb... ....(81) 
Streak, brown or greenish; 
scarcely a trace of magnetism; 
no cleavage.........- ..e++, - CHROME Tron ORE. 

g: Hasily scratched by knife. 
Mostly in scales or compact; 
marks on paper; greasy feel... GRAPHITE......... (55) 
Like graphite, but with dis- 
tinctly bluer color, and higher 
specific gravity; greenish streak 


when rubbed..... sim sete MoLyppENIve..... (56) 
Black, or dark lead-gray; mal- 
leable; cuts like lead........- ARGENTITE....... (72) 


Fibrous; soils fingers......... PYROLUSITE...... (85. 
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II—The Lustre of the Mineral is Sub-Metallic. 
1.—Not scratched by knife. 
Streak, brown; color, brown or ee once OR 
reddish; heavy........ TINSTONE.......- (84) 
2.—Seratched by knife. 
Good cleavage; streak, brown; ) SPHALERITE OR 
color, yellow, brown, or black. ) Zinc BLENDE... . (71) 


III—The Mineral has a Non-Metallic Lustre. 
A,—STREAK DISTINCTLY COLORED. 
1..—Streak, brown or yellowish. 
(a) Not scratched by knife.... CaAssITERITE....... (84) 
(b) Seratched by knife; good 
ClEANARC ie wom vee etae ae --. MSPHALERITE........(71) 
2.—Streak, yellow or brownish yellow. 


Botryoidal surface, or earthy. . BOs ON 


BOG: TRON«. oes (81) 
Si ISENCGS FOU «+ wate) wisi) s0)3) ois einsie syste FARMAN os ere 00 79) 
4.—Streak, pale green; color, green.... MAaacnirr....... (88) 
5.—Streak, pale blue; color, blue...... AZURIDE < ass 16 41912 (89) 


B.—STREAK WHITE OR FAINTLY COLORED. 
(a) Not scratched by knife, or scratched with difficulty. 
1.—CLEAVAGE, None or INpIsStINc?. 

Vitreous; colorless, toame- 
thystineiand black...<.... QUARTZ... 6.060451 (76) 
Vitreous; black,dark brown 
or green often in triangular 
prisms, striated and broken TOURMALINE 


Siete sions (98) 
Dark red or brown; gener- 
ally in isolated rounded 
crystals (Figs. 62, 63)..... GARNET........0.- (97) 


2.—CLEAVAGE DistINcT, 
Vitreous or pearly; white, 
grey, red, green, etc.; very 
perfect cleavage in two di- 
rections at right angles(Fig, 
3); fragments harder than 
those of calcite. .......... FELDSPAR. ......-- (91) 
Vitreous; black, brown, 
green, greenish white or 
COLODIORS:. sc: 0:00 6 


| AMPHIBOLE AND 
j PYROXENE...... (94) 


Yield 


open or closed tube. 


lates or scales. 


Often in thin p 


Yield no water in closed or open tube. 
(See WATER TEsT, p. 207.) 


water in the 
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(b) Scratched by knife. 


Uc 


or 


ba I 


. Mostly with good cleavage; 


White, gray, etce.; soft; 

remarkable rhombohedral 

cleavage; effervesces in cold 

BCLS oeheiaiave seis Mite Pacis ss ecese= CALCUDE LG ric +++ «(85) 
(See FELDSPAR above.) 


. Same, but effervesces only in 


HOGA ea note cise les atekerel seers DOLOMITE......... (87) 


BaRITE OR 


rery “AVY: T . Ee: bs 4 
very heavy; light colors; Heavy Spar... .(107) 


sometimes fibrous.......... J 


. Same, but not quite so heavy; 


often fibrous structure...... CELESTITE 


eee (107) 
Harder; violet blue, green, 
grayish; frequently in cubes; 
octahedral cleavage......... FLuor SPAR ......(75) 
. Hard; often in six-sided 
prisms ;green, reddish-brown, 
Gite aoe doacus fekenereneietenet ete tare APATITE. .......+.(109) 


. Soft; taste, strongly saline.. Rock Satr........(73) 


1. Very soft; scratched by nail; 
white or grayish; often satiny 
lustre; good cleavage in one 
direction in erystals........ GYPSUM......... -(105) 
2. Sectile; soapy feel; green, 
brown, white, or mottled; 
perfect cleavage at times.... TALC.......... » + +(99) 
: ; é : SOAPSTONE AND 
8. Like tale; massive or fibrous : 
SERPENTINE..... (99) 
4. Dark or light green; earthy 
or scaly; scales flexible but 
MOGLOLASHIC emer hentia Sees (\OHDORITEG ssleccerer (103) 
5. In elastic leaves or scales 
cleaving into thin plates.... Miaca............. (89) 
White or brownish..... Muoscovitre 
Brown or black..... ae 310TITE 


Amber colored......... PHLOGOPITE 


B.—DESCRIPTIONS OF MINERALS. 


Of the ninety odd elements which haye been discovered, 
eight make up approximately eighty per cent. of the crust, or 
that part of the earth which is accessible to man. These, in 
the order of their importance, are oxygen, silicon, aluminium, 
iron, calcium, magnesium, sodium and potassium. While 
many of the others are of great importance in commerce, they 
form a small percentage of the crust. 

A table of the important elements will be found on page 210. 

The minerals important as constituents of rocks are few in 
number. ‘The compounds represented by these minerals con- 


sist essentially of simple oxides, silicates and carbonates. 


A number of elements are found in the crust in the uncom- 
bined or native state. Some of these, although oecurring in 


comparatively smal] quantities, are of great Importance to man. 


it will be noticed that no definite system has been adopted 
in naming minerals. The names have been derived from 
certain characteristics of the minerals, or from localities in 
which they were first discovered, or have been given in honor 


of prominent workers in mineralogy, and so on. 


Since many of the minerals here described can he identified 
without the use of chemical or blowpipe tests, the description 
vf these tests is placed in an appendix (page 195). The 
beginner should try to identify minerals as far as possible by 
means of physical tests alone. A list of common minerals 
with which the reader should first become acquainted is given 
on page ia 

The classification used in the following descriptions is a 


chemical one. The minerals are dealt with in this order : 
ha 
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(1) Native Elements, together with some Compounds of 
Carbon; (2) Sulphides and Arsenides; (3) Chlorides and 
Fluorides; (4) Simple Oxides; (5) Carbonates; (6) Silicates ; 
(7) Sulphates; (8) Phosphates. 


I.—NATIVE ELEMENTS. 


The elements which occur in the native or uncombined state 


in nature are not numerous. 


great importance. 
minerals, graphite, diamond, native sulphur, and the native 


metals, gold, silver, platinum and copper. 


Most of them are, however, of 


Among these are the gas, oxygen, the 


Tron, the metal of 


greatest industrial value, is rarely found in the native state 


and then only in small quantities. 


Graphite and other Forms of Carbon.—The mineral 
graphite is popularly known as plumbago or black lead. Since 


it is composed of carbon it will be seen that the latter name is 


misleading. 


Graphite is in common use in the arts. 


istics —softness 


and 


color —are 


Its chief character- 
known to every one. In 


addition to its use in pencils, it is employed in the manufacture 


of stove polish and for crucibles. 


Unlike coal, which also 


contains a high percentage of carbon, graphite is unaffected by 


the heat obtainable in ordinary furnaces. 


It is only slightly 


acted on by fluxes and has therefore been found well adapted 


for use in crucibles or vessels in which metals and ores are 


melted. Very pure, ground graphite possesses advantages over 


grease and oils for application to the running parts of certain 


machines, e.g. the bicycle, and is thus classed as a lubricant. 


During recent years the mineral has been used as a base for 


paints. 


the air or by acid or other fumes. 


Tt is well adapted to this use as it is not acted on by 


Graphite deposits are found in the older or crystalline rocks, 


frequently in erystalline limestone. 
large, compact masses and again in flakes or scales. From the 


At times it occurs in 
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fact that the flakes frequently show a regular hexagonal 
outline, the mineral is referred to the hexagonal system, 

On account of its lightness (sp. gr. 2.2), it is refined in the 
following way. The lumps or masses of the graphite associated 
with more or less mineral or rock matter, such as are obtained 
from the mine or quarry, are pulverized and thrown into water. 
The graphite is floated off, and the associated material, which 
is heavier, sinks. More complicated methods are, however, 
sometimes used. Important graphite mines are located near 
Buckingham, Quebec and Calabogie, Ontario. 

The mineral which is most likely to be mistaken for graphite 
is molybdenite. The latter can, however, be recognized by its 
bluish-black color, its greenish instead of black streak, and 
from the fact that it is a sulphide. 

Diamond, while possessing the same chemical composition 
as graphite, crystallizes in octahedrons and other forms of the 
isometric system instead of in the hexagonal system, and has 
other characteristics—lustre, hardness 10, specific gravity 
3.5—which cause it to be easily recognized. 

Minerat Coat is composed for the most part of carbon, 
Since however it contains different kinds of hydrocarbons, 
with perhaps in some cases free carbon, it cannot rightly be 
classed as a mineral. It is more properly a rock. 

The variations in coal depend upon the amount and char- 
acter of the volatile ingredients and on the structure, lustre 
and other physical characters. The color varies from black 
to brown, and occasionally iridescent. Coal is opaque and 
brittle. 

No hard and fast lines can be drawn between the different 
varieties, one passing into another by insensible gradations. 
Those kinds which are most compact and contain the lowest 
percentage of volatile constituents have been subjected to the 


greatest amount of heat and pressure in the earth’s crust. 
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Anthracite or hard coal contains from 85 to 95 per cent. of 
carbon, It burns with a feeble blue flame without smoke. 
Its lustre is bright, often sub-metallic, iron black, and at times 
iridescent. Its hardness is 2 to 2.5, and the specific gravity 
averages about 1.5. Becoming less hard and containing more 
volatile matter, it graduates into bituminous coal. 


Bituminous coals, or what are in eastern North America 
usually called soft coal, consist of a number of kinds which 
differ in action under heat and are, therefore, of unlike consti- 
tution, They all burn with a yellow, smoky flame, and give 
out on distillation gas, oils or tar—hence the name bituminous. 
The ordinary varieties of bituminous coal contain a higher 
percentage of carbon than the so-called brown coals or lignites. 
The latter contain considerable water which evaporates on 
exposure to the air and causes the coal to break up or disin- 
tegrate. Lignite shows a more or less woody structure. 


Peat is another substance which may be classed as a coal. 
It is made up of the partly altered remains of mosses and other 
vegetuble matter mixed, usually, with a certain amount of sand 
or other non-combustible matter. To fit it for use as a fuel it 
is, on this continent, after being dried, subjected to pressure in 
a machine and reduced to briquettes or lumps, a few inches 
in diameter, which have a coal-like appearance. 


Coke is the residue from the distillation of bituminous coals 
in retorts or ovens, The gaseous distillates are largely used 
for illuminating purposes. Coke is the fuel employed in blast 
furnaces and smelters. 


Sulphur is present in most coals. It is usually in the form 
of the disulphide of iron, known as iron pyrites. Itis the iron 
from this compound which gives rise to “clinkers” in coal 
stoves, 


Coal is mainly of vegetable origin, which is shown by the 
abundant remains of plants found in many coal mines. It 
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occur in beds interstratified with shales, sandstones and 
other rocks. 

There are a number of coal fields in both the United States 
and Canada. In the former country the chief anthracite field 
is in eastern Pennsylvania, in a region in which the rocks 
have been much folded and disturbed, while bituminous coal 
is found farther west in a less disturbed region, The two 
varieties of coal are found under similar conditions in western 
Canada and elsewhere. This has led to the belief that pressure, 
and the heat induced thereby, have changed the soft coals, or 
those containing a higher percentage of volatile matter, into 
the harder kinds. The process has been simply a distillation 
by nature. The fact that peat, which is loose in texture and 
plainly composed of vegetable matter, can be changed by 
pressure into a compact coal has already been mentioned. In 
rare cases coal has been changed by natural agencies into 
graphite. 

A few additional notes on the coal fields of North America 
will be given on another page. 

Mivnerat Or or Prrroteum, since it is used largely as a 
fuel and for illuminating purposes, can be advantageously 
considered along with the coals. 

Petroleum is a thick to thin fluid which is brown, yellow or 
colorless, and translucent to transparent. It consists of a 
mixture of compounds of carbon and hydrogen. It grades 
insensibly into solid bitumen. The lighter volatile compounds 
are separated by distillation and used for illuminating 
purposes, while the heavier oils and paraffins have a wide 
application in the arts. The thicker and denser varieties of 
petroleum are used as fuel. 

Some of the best petroleum for the production of illuminating 
oils is found in Pennsylvania and the southwestern peninsula of 


Ontario. Fuel oils are found in California and other states. 


Shaft House at the Hollinger Consolidated Gold Mines, Timmins, Ontario 
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Petroleum is found in stratified rocks of nearly all ages. In 
some localities it exudes at the surface. It is obtained by 
putting down drill holes a few inches in diameter through the 
strata. The oil has to be pumped from most of such wells. 


Natural gas is found under about the same conditions as 
petroleum. 


It has been generally believed that both petroleum and 
natural gas are formed by the distillation of organic remains 
entombed in rocks. This theory of origin has been ques- 
tioned by some workers who are inclined to believe that 
both materials are of inorganic origin. They hold that the 
materials originate in the heated interior of the earth and that 
they find their way gradually to or towards the surface through 
cracks and fissures. 

Amber, which is a fossil resin or pitch, may be added to the 


list of carbonaceous materials. 


Sulphur (S).—In addition to its oceurrence in the mineral 
kingdom as a constituent of sulphides and sulphates, sulphur 
is at times found in large amounts in the free or native state. 
Volcanoes frequently give off sulphur in such large quantities 
as to form deposits of commercial importance. Decomposition 
of calcium sulphate, iron sulphide and other compounds also 
takes place beneath the surface of the earth in non-voleanic 
regions, and accumulations of sulphur result. Evolution of 
hydrogen sulphide and free sulphur from spring water is 
frequently seen. 


Native sulphur is found in orthorhombic crystals, as well as 
in the form of powder, in masses. Its hardness is 1.5 to 
2.0; specific gravity 2; lustre, resinous; color and streak, 


bright sulphur-yellow. 


Tt is not necessary to dwell on the common uses and char- 


acteristics of sulphur, which are well known to every one. 
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Many of the compounds of sulphur, particularly sulphuric 
acid, are made from iron-pyrites, the disulphide of iron. When 
this material is roasted, fumes of sulphur dioxide are given off 
which are used in the production of the acid and for other 
purposes. The chief sources of sulphur are Sicily and Louisiana. 


The closely related elements, antimony and bismuth, occur, 
like sulphur, in the native state as well as in compounds. 


NariveE MeErat.s. 


Gold (Au).—This metal occurs in few compounds in 
nature. In the native form it is found in grains, scales, and 
occasionally in lumps, known as nuggets, associated with 
gravel and sand. Such deposits of the metal are called 
placers. They are formed by the weathering or breaking 
down of gold-bearing rocks. The gold becomes more or less 
concentrated through the washing away of the lighter minerals 
by running water. Gold also frequently occurs in bodies of 
quartz which occupy fissures in compact rocks (Fig. 15). Its 
association with other minerals will be mentioned on following 
pages. 

Gold is distinguished by its well-known yellow color, soft- 
ness and malleability. The pure metal has a high specific 
gravity, 19. It is not affected by ordinary acids but is dissolved 
by aqua regia, which is a mixture of nitric and hydrochloric 
acids. 

Native gold is usually alloyed with silver. The presence of 
this metal causes it to vary somewhat in color, that with much 
silver possessing a lighter color than that with a small 
percentage. 

Minerals and deposits in which gold is found are described 


as being auriferous (gold-bearing). 


Pure gold is called 24 carats fine. Alloys of the metal, 
consisting of 18 parts gold and 6 of some other metal or metals, 
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are said to be 18 carats, and so on with other proportions. 
British sovereigns contain 91.67 per cent. of gold and 8.33 per 
cent. of copper. The gold coins of the United States and 
Germany contain 90 per cent. of the precious metal. 

A common method for extracting the metal from its ores is 
known as amalgamation. The fine particles, gold dust, which 
occur in placers or which are produced by the crushing of 
auriferous quartz, usually by means of stamps, or what may 
be called heavy pestles, in mills, are brought into contact with 
mercury. When the amalgam thus formed is subjected to 
heat, the mercury is volatilized and the gold is left behind. 


The modern practice in the Porcupine and Kirkland Lake 
regions of Ontario consists of crushing the ore then grinding 
it in ball mills with a solution of cyanide which dissolves the 
gold. The gold is precipitated from this solution and then 
melted in a furnace after which it is cast in “bricks”. Gold is 
also extracted from certain of its ores by a process of smelting. 

The most important gold mines in Canada are located in 
northern Ontario in the Porcupine region and at Kirkland 
Lake. The gold is in quartz veins and in ancient rocks. 
Usually it is in the native state but in most of the mines 
certain tellurides are found which have considerable value 
because of their gold content. 


The minerals which are most commonly mistaken for gold 
are iron-pyrites, chalcopyrite and scales of yellow mica. Py- 
rites can be distinguished by its hardness and _ brittleness; 
chalcopyrite by its brittleness. Mica when examined by the 
point of a knife blade is easily distinguished from the yellow 
metal. A speck or grain of gold in a rock or a piece of quartz 
has the same appearance in whatever direction it is viewed, 
while other minerals become brighter in some positions than 
in others. The speck of gold will flatten out under the pres- 
sure of the knife blade. 

An ounce of pure gold is always worth $20.66. On this 
continent the value of ores of gold or silver is stated in dollars 
or in Troy ounces for a ton of 2,000 Ibs., Avoirdupois. 
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Silver (Ag).—This metal, unlike gold, occurs in a number 
of compounds in nature. Native silver is found in the form 
of plates, leaves and wire-like structures in many localities. 
Its color, hardness and malleability serve to distinguish it, 
Galena and small glistening flakes of white mica are at times 
mistaken for silver. These minerals are, however, brittle and 
thus differ from the malleable metal. Silver tarnishes readily 
in the air. Its color must therefore be determined from a 
freshly-cut or broken surface. Galena and other minerals are 
frequently argentiferous (silver-bearing). 

In the Cobalt district of northern Ontario the silver is for 
the most part in the metallic condition and is associated with 
niccolite, smaltite, bismuth, and several compounds of silver. 
The silver bearing veins are principally in diabase and vary 
in width from a fraction of an inch to several feet in width. 
The richest veins are seldom more than a foot wide. 


A narrow, but very rich, vein containing native silver and other minerals at Ccbalt, 
Ont. The head of the pick shows the width of the vein. 


Fie. 30. 


Silver, unlike gold, is soluble in nitric and other acids. It 
is extracted from its ores by processes similar to those used in 
working auriferous materials. Both native silver and gold 
fuse easily before the blowpipe to globules. 

The price of silver is variable. At the present time it sells 
at about 60 cents an ounce, Troy. 

Platinum (Pt).—This isa rare metal in nature, and at times, 
within the last few years, it has been more valuable than gold. 
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Since it is in common use in the form of wire, it is well to be 
acquainted with its character and modes of occurrence. The 
metal is also used in platinum crucibles and dishes in the 
chemical laboratory owing to its not being acted on by com- 
mon acids and fusing with great difficulty. It has other 
important uses, and in recent years is used much for jewelry. 

Most of the platinum of commerce comes from placers, or 
deposits of sand and gravel, where it is found in grains and 
nuggets associated with gold and other heavy minerals. Only 
one naturally occurring compound of the metal, the diarsenide 
(PtAs,), called sperrylite, is known. All the platinum pro- 
duced from Sudbury, Ont., nickel-copper ores seems to occur in 
this form. Native platinum has been obtained from placers 
near Tulameen and in the Atlin district British Columbia. 

Platinum has a rather dull gray color. Its hardness is 4 
to 4.5. The native metal has a specific gravity of from 14 to 
19, according to purity. 

Copper (Cu).—This metal, like silver, occurs both in the 
free state and in combination with other elements in nature. 
A. few of its compounds are described on another page. 

Copper and its compounds alter rather readily when exposed 
to the air, giving rise to carbonates, sulphates and other salts 
which possess characteristic blue or green colors. 

Its malleability, together with its chemical and blowpipe 
reactions, serve to distinguish native copper. It fuses readily 
before the blowpipe into a shining globule, which becomes 
covered, on cooling, with a coating of black oxide. (See also 
borax bead test, Appendix I). 

The three native metals, copper, silver and gold, crystallize 
in the isometric system. 

While many uses are made of copper, the greater part of 
what is produced is employed in the form of wire and for 
electrical purposes. 

Native copper is mined extensively in Michigan. Other 
great copper mining states are Montana and Arizona, where 
the metal is found combined with other elements. 
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Iron (Fe).—Metallic iron, unlike gold, silver and copper, 
is of rare occurrence in nature although the element is much 
more widespread in compounds than any of the three, being the 
substance to which the great majority of rocks and minerals owe 
their color, It is a curious fact, however, that metallic iron, 
in alloy with the closely related element, nickel, is a charac- 
teristic constituent of meteorites and forms the greater part of 
their masses. 

The metallic iron of commerce is obtained chiefly by the 
reduction of the oxides of the metal, which are found in some 
parts of the world in large masses. These oxides, which have 
the formula Fe,0, and Fe,O,, are known as hematite and 


magnetite, respectively (pages 79 and 80). 


II.—SULPHIDES AND ARSENIDES. 


Mineral sulphides are numerous. With the exception of 
some varieties of zine blende, those which are most frequently 
met with possess a metallic lustre by which they are distin- 
guished from the sulphates. Some sulphides when roasted give 
off the odor of sulphur, while the sulphates do not. © Many of 
the latter compounds, like artificial arum, are soluble in water, 


while the suiphides are insoluble. 


SuLpuipes or Tron. 


There are two commonly occurring compounds of iron and 
sulphur which are represented by the formulas FeS, and eS. 

Iron Pyrites (IeS,).—This mineral is also known as pyrite. 
tj It is widely distributed in nature and is found associated with 
various rocks. 

Pyrite frequently occurs in cubes. Octahedrons and pyrito- 
hedrons of the mineral are also common (Iigs. 81, 52), 

The mineral is at times found in large masses which are 


worked, as already stated, as a source of sulphur compounds. 
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The formula I’eS, represents a percentage composition of 


sulphur 53.4, iron 46.6. The presence of sulphur with iron 
makes the mineral unsuitable as an ore of iron. 


EA 
\ 


Fig, 31.—Crystas or Pyrirr. 
Upper line—cube, octahedron and combination of cube and octahedron. 


Lower line—pyritohedron, or pentagonal dodecahedron, and combination of cube and 
pyritohedron, 


The striations on the faces of the cube are characteristic of pyrite. 


Pyrite is distinguished from other minerals, which are at 
times mistaken for it, by its hardness and color. It scratches 
glass, since its hardness is a 
little above 6, and has a light 
brass-yellow color together 
with a brilliant, metallic 
lustre. The streak is dark 
greenish black. Tts color 
and that of copper pyrites, 


which is a deep brass-yellow, 


cause the two minerals to be Fig. 32. 
OcTAHEDRON OF TRON PyritEs. 


known as ‘‘fool’s gold.” The 
~ 5 (One-half natural size.) 


hardness of copper pyrites is 

between 3 and 4, while gold is quite sectile. There is there- 
fore no excuse for mistaking pyrite for either of these minerals. 
Some pyrite, however, carries suflicient gold mechanically 
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mixed with it to give it a value as an ore of this metal. 
Such associations are rare, most pyrite carrying no more than 
a mere trace of the precious metal. 


The specific gravity of pyrite is 5. Since a cubic foot of 
water at ordinary temperature weighs approximately 62.32 
lbs., how large a mass of pyrite will weigh a ton of 2000 lbs.! 
A ton of pyrite, carrying 45 per cent. of sulphur, sells for 
about $5.00. What is the value of each one per cent. (or each 
unit as it is called in commerce) of sulphur at this price? 
The former question is asked in order to show the reader that 
a knowledge of the specific gravity of a mineral can be used in 
a commercial way, as well as being of service in the deter- 
mination of an unknown mineral. 


Important deposits of pyrite have been mined at Sulphide, 
Goudreau and North Pines, Ontario. 


Heat a fragment of pyrite before the blowpipe or by other 
means, and note the character of the odor produced. If most: 
of the sulphur is driven off the residue will be magnetic. 


Marcasite possesses the same chemical composition as pyrite, 
but crystallizes in the orthorhombic system. The compound 
FeS,, since it crystallizes in forms belonging to two systems, 
is said to be dimorphous. The color of marcasite is a paler 
yellow than that of pyrite, so that itis often called white iron- 
pyrites. As it is usually difficult to distinguish the one 
mineral from the other we shall not attempt in this elementary 
treatise to give a full description of marcasite. 


Pyrrhotite (Fe,S,).—This mineral, like the oxide of iron 
knownas magnetite, is distinguished by the fact that it is 
readily attracted by the magnet, hence it is frequently called 
magnetic pyrites to distinguish it from the more commonly 
occurring pyrite. 

Pyrrhotite possesses a reddish-bronze color, a hardness of 3.5 
to 4.5, and a specific gravity of 4.6. Its streak is greyish 
black. These characteristics enable one to distinguish it 
readily from pyrite. 
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Nickel is sometimes associated with pyrrhotite in sufficient 
amounts, as at Sudbury, Ont., to make the mineral valuable as 
an ore of this metal. At Rossland, B.C., deposits of pyrrhotite 
associated with copper pyrites are worked for the gold which 
they contain. The percentage of sulphur in pyrrhotite is so 
low that up to the present it has not been used as a source of 
this element, and in many localities the mineral, pyrrhotite, 
contains nothing of value. 


SULPHIDES OF CoppER AND Tron. 


The two most commonly occurring sulphides, in which copper 
is an essential constituent, are copper pyrites and bornite. 


Copper Pyrites (CuFeS,),—Another name for this mineral 
is chalcopyrite. It is the most widespread ore of copper. Its 
color and certain other characteristics have been given in the 
description of iron pyrites. Its streak is greenish black. The 
mineral occurs in the massive form much more commonly than 
in crystals. It is brittle and the cleavage is usually indistinct. 
The specific gravity is 4.1 to 4.3. 

Copper pyrites is frequently tarnished, and, on decomposition, 
gives rise to characteristic blue and green carbonates and 
sulphates. The copper may be leached from the surface of a 
deposit of the mineral, which then has a yellowish or reddish, 
iron, color. The material in such an exposure is often called 
iron cap or gossan. 

A fragment of the mineral dissolved in nitric acid imparts 
a blue color to the solution, which turns azure blue on the 
addition of ammonia in excess. Copper pyrites when heated 
before the blowpipe gives the odor of sulphur. The residue, 
which is magnetic, gives reactions for copper. 

Since the mineral contains theoretically 34.5 per cent. of 
copper, it is a valuable ore of this metal when it occurs in large 
deposits such as are found in certain districts. 
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Large quantities of chalcopyrite occur with the nickel ore 
of Sudbury and have furnished an important part of the 
copper production of Canada. Recently extensive deposits 
have been discovered at Rouyn, Quebec and at the Flin Flon 
and Mandy mines in northern Manitoba. 

Bornite (Cu, FeS,).—This mineral is known under a variety 
of names, all of which refer to its striking purple or variegated 
color. Among these names are purple copper ore, peacock 
copper, and horse-flesh ore. On a fresh fracture it has a 
reddish bronze color and bright metallic lustre. The color 
changes, frequently within afew days, and the surface takes 
on a variegated or ‘‘peacock” appearance. Its hardness is ¢ 
and specific gravity about 5. With nitric acid it gives the 


same reaction as copper pyrites. Crystals are not common. 


Bornite contains theoretically 55.5 per cent. of copper and 
thus is, by weight, a more valuable ore than copper pyrites. 
The two minerals frequently occur together. | Copper pyrites 
is, however, much more commonly met with, and is found in 
veins with pyrite and galena, and under many other conditions. 
An important deposit of bornite is being worked at Copper 
Mountain near Princeton, B.C. 
SutpH-ARSENIDE OF TRON. 

Arsenical Pyrites (l’eAsS).—Mispickel is a common 
name for the mineral. It is also known as arsenopyrite. 

Fresh surfaces possess a silver-white color with a slightly 
yellowish tinge and a metallic lustre. The 
color is duller on surfaces that have been 


exposed. The streak is grayish black. The 


mineral frequently occurs massive, but 


Fie 33, . 
Migpickel rvatal trom orthorhombic crystals are not uncommon 
Ms a, Ont. - 1 if} 
farmora, Ont (Fig. 33). Its hardness is 6 and specific 


gravity 6. 
Mispickel is the source of most of the arsenic used in the 


arts. The mineral when roasted gives off fumes of arsenic 
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trioxide (As,Os). 


“arsenic” or “white arsenic” of druggists. Arsenic is a con- 


This compound is poisonous and is the 


stituent of Paris green and other substances used as 
insecticides. Variously colored compounds of the metal are 
employed as paints. There is a large consumption of white 
arsenic in the plate-glass industry. 

Mispickel is frequently auriferous. Deposits carrying this 
variety of the mineral have been worked at Deloro and 
Temagami, Ont., and at Hedley, B.C. 

Tron, nickel and cobalt are the magnetic metals. It may 
be of interest to note that the latter two also occur as sulph- 
arsenides in nature. These minerals are known as gersdorfitte 
(NiAsS), and cobaltite (CoAsS), and are comparatively rare. 

The sulphides of arsenic, realgary (AsS) and orpiment 
(As,8.), are well known minerals. The former is red in color, 
and the latter is golden-yellow. They are both soft and 
sectile. 

ARSENIDES, 


Niccolite (NiAs) is one of the most important arsenides. 
On account of its pale copper-red color, this mineral is often 
salled copper-nickel. It has a metallic lustre, a hardness of 
5 to 5.5, and a specific gravity of 7.3 to 7.6. The composition 
is arsenic 56.1 per cent, and nickel 43,9. 

Niccolite is one of the characteristic minerals that are 
associated with silver in the Cobalt district. When exposed 
to air ina wet place it rapidly oxidizes to form ‘nickel bloom.” 


Smaltite (CoAs,) is a common ore of cobalt. 


It possesses 
a tin-white color like that of mispickel but is rather more 
bluish. Smaltite weathers to the beautiful rose-red arsenate 
of cobalt, known as cobalt bloom. 


Both niccolite and smaltite, when roasted, give off arsenic 


trioxide, after the manner of mispickel, 
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The chief use of the metal nickel is in alloy with steel, 
which is employed for armour plate and other purposes. There 
are several minor uses of the metal, among which may be 
mentioned its use in coinage and in plating. 

Formerly on account of its high price, cobalt was not used 
extensively in the metallic form in the arts. Owing to the 
beautiful blue color which it imparts to colorless silicates, 
when fused with them, its oxide is employed in staining 
glass and in coloring porcelain and pottery. It is an impor- 
tant constituent of an extremely hard alloy known as stellite 
which is used for lathe tools for turning metals. 


SULPHIDE oF LEAp. 

Galena (PbS).—This is the common ore of lead. It possesses 
usually a brilliant metallic lustre, and a bluish lead-gray color 
and streak. The hardness is 2.5, and specific gravity 7.5. 

The mineral crystallizes 
in the isometric system, 
commonly in cubes, and 
incoarse granular varieties. 
Cubic cleavage is very 
perfect (Figs. 34, 35). 


Fig. 34. Fig, 35, 
Crystals of galena. Cubic cleavage in galena, 


The precentage composition is lead 86.6, sulphur 13.4. 

Before the blowpipe on charcoal galena fuses, emitting a 
sulphurous odor, and is finally reduced to a globule of metallic 
lead. The charcoal is coated yellow (PbO) near the test sub- 


stance, and white at a distance. 
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Galena frequently carries sufficient silver to cause it to be 
treated as an ore of this metal. The mineral is often found 
in association with limestones. It is mined and smelted at 
Galetta, Ontario. The largest working deposit in Canada is 
the Sullivan mine at Kimberley, B.C., where the galena is 
associated with sphalerite. 


The uses of lead and its compounds are well known. 


SULPHIDE OF ZINC. 


Zinc Blende (ZnS).—Sphalerite is another name for this 
mineral. Miners frequently call the darker varieties black- 
jack. The name sphalerite, which means deceiving, was given 
to it on account of the fact that it was mistaken for galena. 

The mineral, which theoretically has the percentage com- 
position, zinc 67, sulphur 33, usually contains some iron. The 
color is most frequently yellow or yellowish brown, at times 
black. Its lustre is usually resinous, differing from that of the 
other commonly occurring mineral sulphides. The streak is 
white, pale yellow or brownish. The mineral crystallizes in 
the regular system but good crystals are comparatively rare. 
The cleavage is distinct parallel to dodecahedral surfaces. 
The hardness is 3.5 to 4, and the specific gravity is about 4. 
Considerable practice is required in order to enable one to 
recognize the differently colored varieties of the mineral. By 
the use of the blowpipe, however, they are easily determined. 

Zinc blende is frequently associated with galena. Grains, 
masses and veins of both minerals are commonly found in 
limestones. Important deposits are worked at Kimberley, 
B.C. and Cascapedia, Quebec. 


SULPHIDE or ANTIMONY. 


Stibnite (Sb,S,) is the most important ore of antimony. 
Tt is found at times in beautiful prismatic crystals of the 
orthorhombic system. 
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The hardness of the mineral is 2; it is quite sectile and will 
mark paper, but not so easily as graphite. The color is bluish 
gray and the streak is nearly black. The lustre on a cleavage 
surface is metallic and brilliant. 

The massive varieties of the mineral differ from galena in 
cleavage, and may be distinguished by the fact that when stib- 
nite is roasted it gives off copious white fumes of oxide of 
antimony (Sb,O,). The specific gravity, which is 4.6, is much 
lower than that of galena. Deposits have been worked at 
West Gore, N.S. and in York County, N.B. 

Orimer SULPHIDES. 

There are a number of mineral sulphides which are of rarer 
occurrence than those which have been described. Among 
these are the sulphide of copper, chalcocite; the sulphide of 
silver, argentite; the sulphide of mercury, cinnabar; and the 
sulphide of bismuth, bismuthinite. 

Chalcocite (Cu,S) is characterized by its blackish lead-gray 
color and streak, hardness 2.5 to 3, specific gravity 5.5 to 5.8. 
Specimens of the mineral are often tarnished blue or green. 
It resembles argentite but is more brittle. 

Argentite (Ag,S) is often found with native silver, and 
frequently occurs erystallized in octahedrons. The color and 
streak are blackish lead-gray. The hardness is 2 to 2.5, and 
specific gravity 7.3. The mineral cuts like lead, and has been 
mistaken for this metal from which it is, however, readily 
distinguished by its color. It was an important mineral in 
the Thunder Bay silver deposits, but is found at Cobalt as a 
comparatively rare mineral. 

Cinnabar (HgS) is the ore of mercury. Itisa rare mineral, 
occurring in but few districts. It is somewhat sectile, hardness 
2 to 2.5. The specific gravity is high, 8. The lustre is non- 
metallic or sub-metallic. The color is cochineal-red and streak 


scarlet, but these may vary somewhat through the admixture 
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of clayey or other material. Some varieties might be mistaken 
for red hematite. Cinnabar is, however, readily recognized 
by its blowpipe reactions. On charcoal before the blowpipe 
the pure mineral is entirely volatilized. Heated in the closed 
tube with sodium carbonate, metallic mercury is obtained. 
The chief source of cinnabar is Almaden, Spain. A small de- 
posit is located on Cherry Creek near Kamloops, B.C. 
Bismuthinite (Bi,S,) is found in many mining districts. 
It is characterized by its lead-gray color and streak, and is 
usually foliated, massive or fibrous. The hardness is 2, the 
mineral being somewhat sectile. It fuses easily, and gives 
sulphurous fumes, and the yellow coating of bismuth oxide on 
charcoal. The yellow coating of bismuth can be distinguished 
from that of lead by the fact that all bismuth compounds, when 
fused on charcoal with a mixture of potassium iodide and sul- 
phur, form a vivid scarlet coating on the support. If the reader 


has the reagents at hand, he should try this test for bismuth. 


Iil.—CHLORIDES AND FLUORIDES. 


There are only two commonly occurring minerals which 


come under this heading. These are rock salt and fluor spar. 


Rock Salt (NaCl).—The other name for this mineral is 
halite. Its taste and the fact that it is readily soluble in 
water are known to every one, table salt being a purified form. 
It crystallizes in cubie crystals with cubic cleavage (Figs. 
36, 37). Some of the purer varieties of table salt if examined 
with an ordinary magnifying glass will be found to be com- 
posed of minute cubical grains. Much of the salt used for 
domestic purposes contains some magnesium chloride which 
causes it to deliquesce or take up water when exposed to 


moisture. 
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Rock salt is colorless when pure but it also occurs in various 
shades of yellow, red and other colors. The hardness is 2.5 


and the specific gravity 2.1. 


Fia. 37. 


Crystal of Rock Salt. 
The crystals often 
have concave, or 
hopper-shaped, 
faces as this figure 
shows. 


Fic. 36, 
Rock Salt showing cubical cleavage. 


The mineral is found in solution in most natural waters. 
In some of these, as for example in the ocean, the Great Salt 
Lake of Utah and in other bodies of water, it occurs in con- 
siderable quantity. In some arid regions it is found in the 


solid state exposed at the surface of the earth. 


In New York State, in the south-western peninsula of the 
province of Ontario, and in other districts, beds of rock salt 
lie at a considerable distance from the surface. 


Much of the salt of commerce is derived from brine springs 
or salt wells, and from the waters of the ocean. The water is 
sometimes evaporated by the heat of the sun but usually by 
artificial means as at Windsor, Goderich and Sarnia, Ontario. 
In some localities the mineral is obtained in the solid form by 
mining, as at Malagash, N.S. and Retsof, New York. 
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Fluor Spar (CaF,).—This mineral is frequently found 
in good crystals, cubes, which possess a perfect octahedral 
cleavage (Figs. 38, 39). In color it varies from colorless to 
green, purple, yellow, and brown. The streak iswhite. The lustre 
is non-metallic, the specific gravity is 3.2, and the hardness 4. 


AO 


Fie, 38.—Fluor Spar Crystals. 
Most examples, when moderately heated, exhibit a green or 


bluish phosphorescence; 
but if a fragment is 
heated rapidly, decrepi- 
tation almost invari- 
ably ensues. By fusion 
with the blowpipe a 
white enamel is pro- 
duced. ‘This tinges the 
flame red, and reacts 
alkaline after sufticient 
ignition. If fluor spar, 
in powder, is warmed 


with sulphuric acid, 
glass-corroding fumes Fie, 29. 
are evolved. Octahedral Cleavage in Fluor Spar. 


Fluor spar oceurs commonly with ores of lead, silver, and 
zinc, in mineral veins. It is also frequently found in cavities 
and fissures in limestones and other stratified rocks. The 
chief uses of the mineral are as a flux and in the manufacture 
of hydrofluoric acid. Commercial deposits have been mined 
at Madoc, Ontario and at the Rock Candy Mine near Grand 
Forks, B.C. 
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IV.—SIMPLE OXIDKS. 


The simple oxides, or those substances which consist of 
oxygen combined with only one other element, form an 


important and widely distributed group of minerals, 


OXxIbDm OF SILICON. 

Quartz (SiO,).—This mineral is an essential constituent of 
two commonly occurring rocks, granite and sand or sandstone, 
[t is also frequently found in the massive form, filling fissures 
4H 


5). 


Like most non-metallic minerals it is of different colors. 


in rocks, and is then known as vein quartz (Fig | 


The transparent, colorless varieties are known as rock crystal; 
the dark or smoky colored kinds are called smoky quartz or 
cairngorm. Amethyst is a purple variety which is used for 
ornaments. ‘The white cloudy kinds are called milky-quartz. 


Rose-quartz is so named from its color. 


Fria, 40, —Crystals of Quartz. 


Quartz possesses no cleavage, but breaks at times with a 
conchoidal fracture. This lack of cleavage, together with its 
glassy lustre, hardness, which is 7, infusibility, and the fact 
that is not acted on by ordinary acids, serve to distinguish 
quartz from other minerals with which it might be confused. 


The erystals, consisting of a hexagonal prism capped by a 
) 2 g I PI y, 


pyramid with six faces, also aid in its identification, (Figs. 40, 


41). The specific gravity is 2.6. 
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There are a number of minerals closely related to quartz 
which are of considerable 
popular interest. They are 
composed of silica, but in the 
amorphous or imperfectly 
erystalline form. Among 
these are jasper, flint, horn- 
stone, chert, chalcedony, 
agate and onyx. 

Jasper is an opaque, im- 
pure quartz, typically red, 
but may be brown, green or 


otherwise colored, 


Flint is duller in color 


Via. 41. 


and not quite so opaque as 
Crystal of Quartz. 


Jasper. Its color is usually 
gray, brownish or nearly black. The flint Indian arrow-heads, 
specimens of which are to be seen in most neighborhoods, 
show that the mineral breaks with a conchoidal fracture 
and a sharp-cutting edge. Chert is a name given to impure 
flint. 


Jasper is found associated with iron ores, especially in the 
states of Michigan and Minnesota, and in northern and north- 
western Ontario. Flint and chert frequently occur in the form 


of coneretions in limestones. 


Chalcedony often has a stalactitie structure and its surface 
may present a botryoidal or other imitative form. The 
mineral may be either transparent or translucent. The 
lustre is waxy, and the color is usually white, gray or 
brown. 

Cut and polished specimens of agate are commonly used 
for ornamental purposes. The mineral is a variegated 


chaleedony with bands of different colors arranged parallel, 
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one to another. ‘The bands are more or less curved (Fig. 42). 
Onyx is similar to agate in composition, but its parallel colored 
bands are straight, instead 
of being curved as in agate. 
The so-called onyx used as 
an ornamental stone in 
building is a variety of 


marble. 


Agates are found in 


Fic. 42. 


Polished Surface of Agate. 


abundance along some 
parts of the shore of 
Lake Superior. Most of the polished specimens sold in this 
country come originally from South America. They are cut 


and polished in Germany. 


There are a number of popular varieties of quartz and the 
other silica minerals just described which are given special 
names on account of differences in color, transparency and 
other characteristics. Among these are the so-called cat’s eye, 
tiger-eye, moss-agate, carnelian, sardonyx, chrysoprase. Small 
rock crystals are so bright that they have often been called 
diamonds, e.g., Lake Superior diamonds, although their hard- 


ness is much lower than that of true diamonds. 


Opal is composed of silica, together with a small percentage 
of water. In being thus hydrated it differs from quartz and 
the other silica minerals just described. Several forms of 
opal are deposited by geysers and hot springs. These are 
known under the general name of sinter. The hydrous silica, 
which constitutes the frustules of diatoms and the skeletons 
of certain microscopic animals, is similar to opal. Tripolite 
or diatomaceous earth is commonly used as a_ polishing 


powder. 


Opal occurs only in the massive form. Unlike the crystal- 
lized forms of silica, it is soluble in caustic alkalies. Both the 


——e 
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hardness and specific gravity are slightly lower than those of 
quartz. The color is variable. 

Precious opal exhibits a beautiful play of colors, reds, 
greens and blues. Among the most prized varieties is fire-opal, 
so-called from the red flashes of light shown by it. 

Quartz is used for various purposes, in addition to those 
which have been mentioned. Spectacle lenses are made from 
the clear flawless varieties of rock-crystal. Quartz-sand is em- 
ployed loose and in the form of sand-paper for polishing. Sand 
or crushed quartz is also used in the manufacture of glass and 
porcelain. Quartzite and compact sandstone are employed as 
hearthstones, grindstones, pulp stones and whetstones. It may 
be added that quartz finds a use in certain smelting operations. 


Oxiprs or Tron. 


There are two important anhydrous oxides of iron and one 
hydrous oxide of the metal found in nature. These three 
oxides together with the carbonate, which is usually mixed 
with more or less earthy material and known as clay iron- 
stone, constitute the ores of the metal. 


Hematite (Ie,O,).— This mineral contains theoretically 
70 per cent. of iron. It varies greatly in form and in appear- 
ance. At times it 1s compact and possesses a black or grayish 
black color and brilliant metallic lustre. Some varieties 
consist of scales similar in lustre and color to the more compact 
kinds. Much of the hematite worked as an ore is, however, 
loose and earthy in form and red in color. The name hematite, 
from the Greek word for blood, was given to the mineral on 
account of this color, and the fact that all varieties possess a 
dull-red streak. The bright metallic varieties are known as 
specular ore. 

The hardness is 6 and the specific gravity 5.2. The loose 
varieties have a clayey or unctuous feel. The mineral 
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crystallizes in the hexagonal 


WOW THEY OCCUR 


system, but crystals, except 


microscopic forms, are not common. 


Hematite becomes converted to magnetite when heated in 


small fragments in the reducing flames of the 


charcoal. 
The largest iron ore mines in 
Minnesota, 


known at Madoc, 


consist 


of hematite. 


blowpipe on 


the world, those in the state of 


In Ontario deposits are 


Loon Lake and on Hunter’s Island. 


Magnetite (Fe,0,). —This mineral is frequently found - 


well formed octahedral and dodecahedral crystals (Fig. 


Its hardness is 6 and the specific 


gravity 5.1. 
lic, usually brilliant. 
and streak are both black. 

The fact 
strongly magnetic, small 
ments 


attracted by 


or grains being 


all other minerals with which it 


The lustre is metal- 


The color 


that the mineral is 
frag- 


readily 


43) 


cas < 
Pia. 43 


Maynetite Crystals 


yan ordinary magnet, serves to distinguish it from 


might otherwise be confused. 


It should also be noted that the streak of magnetite is quite 


different from that of the closely related mineral hematite. 


The common occurrence of 
lines has been mentioned on 


occurs in grains in many rocks, 


magnetite in sand along shore 
The 


and on their decay, being little 


another page. mineral 


affected by weathering agencies, it becomes mixed with sand. 


Although magnetite contains a 


Wa.4, 
furnace men. 
than magnetite. 
purer, and more easily worked 
magnetite occurs. 

Tn order to be saleable, 
magnetite and 


50 per cent. of metallic iron. 


under 


hematite should 


> of iro? 


higher percentag 


] 
’ 


than hematite, the latter is preferred as an ore by most 
It is said to reduce more easily in the furnace 
Hematite hi: 


is been found in much larger, 


deposits than those in which 


ordinary conditions, ores of 
less 


Sulphur and phosphorus occur 


contain not than about 
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in some ores in sufficient amounts to make the ores either 
unmerchantable or so as to render them unfit for use in the 
manufacture of certain brands of iron and steel. Bessemer 
ores are those which are adapted for use in what is known as 
the acid Bessemer steel process. They should not contain 
more than about 0.05 per cent. of phosphorus. The rare 
element titanium is present in some magnetites in amounts 
which make the ores unsaleable. 

Magnetite has been mined, in crystalline rocks, in several 
districts in eastern North America, notably near Port Henry, 
New York, and in south eastern Ontario, and at Atikokan 
and Moose Mountain, Ontario, 

Limonite (2Fe,0,, 3H,0).—This ore of iron was so 
named on account of the fact that it is often found in marshy 
places (/eimon, a swamp). A common name for it is “bog 
iron ore.” It is frequently found near the surface of the 
ground, usually in lumps or smal] masses, more uv: sess mixed 
with earthy materials. On account of the ease with which it 
is mined, it was the ore first used in many parts of North 
America. Most of the stoves and potash kettles of the early 
settlers were made of iron smelted from this ore. The ore 
usually contains a fairly high percentage of phosphorus. This 
makes a metal suitable for ordinary foundry castings. The 
percentage of iron in the ore is lov compared with that in 
ordinary grades of hematite and magnetite. 

Limonite is not known in the erystallized form. It fre- 
quently oceurs in stalactitie shapes. The lustre varies from 
sub-metallic to earthy. It has a yellowish-brown streak and 
usually a brown color. Some varieties are known as brown 
hematite in commerce. Its hardness is 5 and specific gravity 
about 4. The mineral loses its water when heated, and ferric 
oxide is formed. 

Brown ochre, an earthy form of limonite, and red ochre, a 


variety of hematite, are used for paint. Ochres of other shades 
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are found. Their color depends on the character of the earthy 
materials intermixed with them and on the relative proportion 
of limonite and hematite in the mixture. This was the prin- 
cipal ore at the Helen Mine near Michipicoten, Ontario. 


OXIDES oF OTHER METALS. 


The other simple oxides which occur in nature are much 
less commonly met with than are those of iron, Since three 
of them are, however, frequently referred to in mineralogical 
literature, and are of much importance in the arts, we shall 
describe them briefly. Otherwise we should not have referred 
to them, as it is our desire to describe chiefly those minerals, 
specimens of which can be found by the reader in most localities. 


Corundum (A1,0.,).—This mineral is found as a constituent 
of certain metamorphic and igneous rocks, especially the 
syenites, and represents an excess of alumina in the molten 
masses from which these rocks crystallized just as the free or 
uncombined silica, quartz, in granite represents an excess of 
silica in the moltezi mass from which granite was derived. 

Corundum is readily distinguished by its hardness, 9, and its 
comparatively high specific gravity, 4, from other non-metallic 
minerals, for which there is any likelihood of its being mistaken. 
It is infusible, unacted on by acids, and occurs in various 
colors. Thecommon kinds are opaque and show rather perfect 
parting planes. The mineral crystallizes in the hexagonal 
system and is frequently found in elongated prismatic crystals 
capped by a pyramid (Fig. 44), Corundum, like many other 
hard minerals, is comparatively brittle. 

The clear, transparent varieties of corundum are among 
the most highly-prized gem stones. The beautiful red and 
blue varieties, the ruby and sapphire, are the most valuable, 

The mineral emery, which is in common use as an abrasive 


material, is a mixture of corundum with iron ore. 


The pure, 
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Opaque varieties of corundum are also extensively used for the 
same purpose and sell at a higher price than emery. Both 
minerals are crushed to the granular form, separated from 


foreign material, and sized. The materials are used in the 


Bia, 44, 


Corundum Crystal, without pyramidal planes. Craigmont, Renfrew County, Ont. 
(Crystal four inches long.) 


granular form for polishing and grinding down surfaces, 
especially of metals. Grain emery and, at times, grain cor- 


undum are on sale in most hardware stores. Wheels, whet- 
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stones, and other forms of abrasive instruments, are made by 
mixing grainemery or corundum with some cementing material 
and moulding the mixture into the desired shape. After being 
moulded, the articles, depending on the nature of the cement, 
are either allowed to harden or they are heated to a tempera- 
ture sufliciently high to cause the cement to set. Wheels so 
made haye, to a large extent, replaced grindstones cut out of 
sandstone, and they are replacing lathes in metal-working shops. 

For several years the principal source of corundum for abra- 
sive purposes was at Craigmont, Ontario, These mines are 
now closed down. It is also found in considerable quantity in 
North Carolina. Both this state and Montana have produced 
gem varieties. At present the important source of corundum 
for abrasive purposes is South Africa. Artificial corundum 
which is sold under the name “alundum” as an abrasive is 
manufactured at Niagara Falls and several factories in Kurope 
make artificial rubies and sapphires which rival the natural 
crystals as gem materials. 

Corundum is too high in price to be used as an ore of the 
metal aluminium. The mineral which is employed chiefly as 
the source of this metal is bauxite, which is a hydrated oxide 
of aluminium and resembles clay in appearance and in its 
mode of occurrence. Bauxite is mined in the southern States. 


Cassiterite (SnO,).—This oxide of tin, known also as tin- 
stone, is the mineral which is worked as the ore of this 
important metal. 

No deposits of cassiterite of much commercial importance 
are known in North America, but a small quantity is re- 
covered as a by-product at the Sullivan Mine at Kimberley, 
B.C. Tin mines have long been worked in Cornwall, England. 
Most of the ore now comes from the East Indies. 

The mineral occurs in well defined crystals of the tetragonal 
system, as well as in grains and irregular particles disseminated 
in granite (Figs. 25¢ and 26/7). The variety known as stream- 
tin is found in rounded grains or pebbles in placer deposits, 
The mineral, when in crystals or pebbles, is rather easily 
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recognised by its hardness, 6.5 to 7, and high specific gravity 7. 
The color is brown to nearly black, and the lustre adamantine. 

Pyrolusite (MnO,).—This oxide of manganese is an im- 
portant mineral in the arts. 

It is soft enough to soil the fingers. The color is greyish 
black. The streak is black and the lustre metallic. Crystals are 
not common, the mineral usually occurring in fibrous masses, 

The presence of manganese in the mineral can be shown by 
simple blowpipe tests (page 206). 

Pyrolusite deposits are found in New Brunswick and Nova 
Scotia and in Arkansas. 


V.—CARBONATES. 
The following naturally occurring carbonates are charac- 


terized by the fact that they effervesce when treated with 
hot acids. The hardness of none of them is above 4. 


a b Cc d 


Fia. 45.—Orystals of Calcite. 


Calcite (CaCO,).—This is one of the commonest and most 
important of minerals. It, together with the closely related 
mineral dolomite, is the only essential constituent of the 
numerous varieties of limestone which form such a large part 
of the crust of the earth. 

Calcite crystallizesin different forms of the hexagonal system, 
and the crystals possess very perfect cleavage (lig. 45). The 
forms produced by cleavage are rhombohedrons. <A. variety 
known as dogtooth spar is so named on account of the shape of 
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the crystals (Fig. 45, @d). The clear varieties which are useful for 
optical purposes are known as Iceland spar. The best crystals 
are found in cavities or vugs in limestone and associated with 
various ores in fissures of other rocks. At times calcium carbon- 
ate is found in the fibrous form with a silky lustre, and is known 
as satin spar. Structures resembling icicles and known as 
stalactites are frequently found hanging from the roofs of lime- 
stone caverns, and similar forms known as stalagmites project 
upward from the floors. They are formed by the deposition of 
calcium carbonate from solution in water charged with carbon 
dioxide gas, which drips from the roofs, Stalactites of small 
size are sometimes seen hanging from arches built of limestone. 

The well known operation of producing quick lime from 
limestone depends on the fact that calcium carbonate when 
heated is decomposed into calcium oxide and carbon dioxide 
gas as shown by the equation : 

CaCO, + heat = CaO + CO, 

Quick lime has an alkaline reaction, an avidity for water, and 
gradually takes up carbon dioxide, when exposed to the air, to 
re-form calcium carbonate, 

Quick lime, when made into a thin paste with water and 
mixed with sand, about three and one-half parts to one of lime, 
forms common mortar. 

Limestones containing a certain amount of argillaceous or 
clayey material produce, when burned, hydraulic, or, as they 
are called, natural rock cements. Such cements harden under 
water. Other uses of limestone are mentioned on a following 
page. 

Calcite effervesces readily in cold dilute acid and is by this 
means distinguished from the closely related mineral dolomite, 
which effervesces only after the acid is heated. 

Calcite is found of different colors. In the majority of 


cases it is, however, colorless. The lustre is usually vitreous, 
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but in some earthy forms it is dull. Crystals possess a hard. 
ness of 3 and a specific gravity of 2.7. 

Place a clear, transparent cleavage piece of calcite over a 
thin lead pencil line or dot on white paper, and turn the 
specimen slowly. In certain positions two images of the line 


or dot will be seen (Fig. 46). This character which crystals or 


Fig. 46. 


Double refraction in calcite rhombohedron. The calcite is photographed lying on a 
piece of paper on which is a single line, a triangular dot and a cross. In looking 
through the calcite two images of the line, dot and cross, are seen. 

cleavage pieces of calcite and other minerals, not of the 

isometric system, possess of showing two images when an object 

is viewed through the crystals in certain directions, is known 
as double refraction. It is not necessary for our purpose to 
give details concerning it. 

Aragonite is calcium carbonate which crystallizes in the 
orthorhombic system. Jt is not so common a mineral as calcite. 

Calcite is distinguished from quartz and feldspar, the 
minerals for which it is most commonly mistaken, by the fact 
that it is easily scratched by the knife. Quartz, moreover, 
possesses no cleavage. 

Dolomite (Ca Mg(CO.,),).—The closely related metals calcium 
and magnesium, replace each other in compounds. Hence we 
find a gradation from pure calcite to dolomite. Limestones 
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which hold magnesia in amounts from a few per cent. up to the 
percentage which makes them true dolomites are usually said 
to be dolomitic. The mineral magnesite contains, theoretically, 
no calcium oxide, its formula being MgCoO,. 


Without the acid test, already mentioned, dolomite cannot 
be quickly distinguished from calcite. Its hardness is a little 
greater, 3.5 to 4 instead of 3, and its specific gravity isa little 
higher, 2.8 to 2.9. The angles of the cleavage rhombohedrons 
of the two minerals are also not quite the same (Fig. 49, a). 


Siderite (FeCO,,).—At times more or less iron is found 
replacing the alkaline earth metals in dolomite. This denotes 
a passage from this mineral to the iron carbonate known as 
siderite or spathic iron, which is an important ore in some 
countries. It crystallizes in rhombohedrons, and has perfect 
rhombohedral cleavage. The color is light yellow to brown 
and lustre vitreous; hardness 3.5 to 4, specific gravity 3.8, It 
effervesces with warm acid and becomes black and magnetic 
before the blowpipe. Siderite was mined and roasted at the 
Magpie mine and large deposits occur at the Helen mine near 
Michipicoten, Ontario. 


CARBONATES OF COPPER. 


There are two carbonates of copper which are of economic 
importance and of fairly common occurrence. They are both 
hydrated carbonates. They fuse readily before the blow-pipe, 
coloring the flame emerald-green, and on charcoal they are 
rapidly reduced to metallic copper. In acids they are soluble 
with effervescence. (See also Appendix I., Borax bead.) 
One of them, known as malachite, is a bright green mineral 
which is often found with other copper ores. It is rarely 
found incrystals. Common forms have a rounded ormammillary 
surface, and a radiating fibrous structure. The hardness is 
3.5 to 4, and the specific gravity about 4. It contains, when 
pure, 71.9 per cent. of cupric oxide, CuO. The mineral at 
times occurs in masses of sufficient size to be cut and polished 
for ornamental purposes, such as vases and table-tops. 
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The azure-blue carbonate is known as azurite. It is found 
crystallized. Its hardness and specific gravity are about the 
same as those of malachite. The mineral contains 69.2 per 
cent. of cupric oxide, 

Copper sulphate, which is similar in color to azurite, is a 
frequent decomposition product of the sulphide ores of copper. 
Its solubility in water distinguishes it. 

The carbonates of copper which, in some localities, occur in 
large deposits and constitute important ores, have in most 
cases been formed from the sulphides of copper by surface 
waters containing oxygen and carbon dioxide, so that when 
followed deep enough below the surface they are usually found 


to give place to the copper sulphide minerals. 


VI.—SILICATES. 


The naturally occurring silicates form a large group, some 
members of which are important both as rock-forming minerals 
and in the arts. 

Many of these silicates have complex chemical formulas 
which we shall not give in the following brief descriptions. 

The varieties of some silicates such as the feldspars, amphiboles 
and others are difficult to distinguish from one another without 
refined methods of examination. Hence we shall attempt to 
give little more than the leading characteristics of each class. 
All the members of the group have a non-metallic lustre. 
Their color, hardness and specific gravity are variable. 

The Micas.—The micas are essentially silicates of alumina 
and the alkalies or alkaline earths. The chief characteristic 
of the more common varieties of this group of minerals is 
known to almost every one. It is known that mica splits 
readily into thin sheets, which are more or less transparent, 
flexible and elastic (Figs. 38, 47). They are minerals which, 
when in sheets an inch or two in size, cannot be mistaken 


for any other mineral. 
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The three chief micas are muscovite, so called because first 

used in Muscovy, biotite and phlogopite. 
Muscovite is usually colorless and transparent, although ati 
times it may be of a delicate pink or other color. It is the 
mica which is used in stove fronts. The mineral is a silicate 
of alumina and potash. All micas contain a small percentage 

of water. 

Biotite and phlogopite are silicates of alumina, magnesia 
and iron. The former is commonly known as black mica. It 


is found at times in other colors. Phlogopite is extensively 


Fig. 47. 


Crystal of Mica (phlogopite) showing cleavage parallel to the basal plane. The crystal] 
photographed came from the vicinity of Sydenham, Frontenac County, Ont., and 
had a diameter of about one foot. (Mr. E. T, Corxiuu.] 


used as an insulating material in electrical machines, being 
better adapted for this purpose than the harder muscovite, 
white mica, Biotite usually contains too much iron to be used 
for this purpose. On account of its color phlogopite is known 
in commerce as amber mica. It is mined in eastern Ontario 
and in the adjoining part of the province of Quebec. 

The hardness of the three micas referred to les between 2 
and 3, and the specific gravity is from 2.7 to a little over 3. 

All the micas occasionally occur in well defined crystals 


(Fig. 47). 


The cleavage is parallel to the base. 
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The muscovite of commerce is obtained chiefly from coarse 
eranite dikes in New Hampshire, North Carolina, and other 
States, and from British India. Phlogopite occurs in much 
larger masses than muscovite and is associated with more 
basic minerals, such as pyroxene and calcite. 

The Feldspars.— Like mica, feldspar is the name of a 
family of minerals. As rock constituents they are the most 
important of all minerals. The name - German for “field spar” 
—implies that they are of common occurrence. We have 


already seen that feldspar is a constituent of one of the most 


Crystals of feldspar in cavity in gneiss, Renfrew County, Ont. 
[Dr. A. E. Bartow, G.S.C.] 


granite. According to their erystalliza- 


widely known rocks, 
tion, feldspars are divided into two groups: (1) Orthoclase and 
its clear transparent variety, sanidine, which belong to the 
monoclinic system, and (2) the plagioclases, which crystallize 
in the triclinie system (Figs. 48, 49, 1,26c¢). Refined methods 
of examination, which it is not necessary for our purpose to 
describe, are sometimes needed to distinguish the members of 
one group from those of the other, and more especially to 
identify the varieties which are to be found among the plagio- 


clases. The beginner in the study need not greatly concern 
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himself with delicate distinctions. If he is able to recognise 
at all times any of the members of the family as a feldspar, 
he should be content to leave the recognition of finer distine- 
tions to the future. There are a few characteristics, however, 
which will assist him in making broad distinctions among the 
varieties. 

The feldspars are silicates of alumina with potash, soda or 
lime. Orthoclase and sanidine, or the monoclinic varieties, are 


Fia. 49.—Orystals of Orthoclase. A twin crystal is shown on the right. 
the potash feldspars. Among the plagioclases there are albite, 
so named from its characteristic white color, and anorthite 
which contain only one element of the alkalies or alkaline 
earths. Albite contains soda in place of the potash of ortho- 
clase, and anorthite has lime. Intermediate between albite 
and anorthite, which may be considered to stand, chemically, 
at the ends of the plagioclase series, are several varieties. 
Among these are oligoclase and labradorite. These contain 
both lime and soda, and may be considered to be composed of, 
what may be called, both albite and anorthite molecules. 
The following table, which the learner need not get by rote, 
shows the chemical relationships which exist among the feld- 


spars mentioned. 


f | Silica. Alumina Potassa. | Soda. Lime. Total. 
| | —— — 
Orthoclase...... 65 Sa as (| eo 106 
A Ditese esos 68 a) | 12 a3 100 
Oligoclase....... | 62 at | : 9 5 100 
Labradorite..... | 53 30 { 13 100 / 
Anorthite. ...... 43 37 | ae 20 100 
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Oligoclase, since it contains a higher percentage of soda than 
of lime, may be called a soda-lime feldspar, and in distinction 
from it, labradorite is the lime-soda variety. 

All feldspars possess easy cleavage in two directions at right 
angles, or nearly so, to each other (Fig. 3). If the cleavage 
faces are examined it will be found that the cleavage is more 
perfect in one direction than in the other. 

Orthoclase has a hardness of six, and is therefore hard enough 
to scratch glass, although distinctly softer than quartz. The 
hardness of the other members of the family ranges from 
5 to 7. The lustre varies from vitreous to pearly. The color 
is usually light, and may be white, gray, red, brown or green. 
Pink or reddish is the characteristic color of orthoclase. The 
streak of the feldspars is always white. 

Those feldspars which contain the highest percentages of 
silica are said to be the most acid. It is found, as would be 
expected, that the acidic varieties are characteristic of acid 
rocks, such as granite and other light colored kinds, while the 
more basic feldspars, or those containing less silica, are found 
in basic rocks, which are usually dark colored and compara- 
tively heavy. We have thus a means, knowing their 
associations, of distinguishing orthoclase and the more acid 
plagioclases, albite and oligoclase, from the more basic feldspars. 

Series of fine parallel lines or ridges are usually to be found 
on faces of the plagioclases, and are absent on orthoclase. 

By exposure to the weather feldspars gradually lose their 
potash, soda and lime, and part of their silica, and are changed 
to kaolinite, which is the base of all clays. The probable re- 
action for the kaolinization of orthoclase is 2K Al 8i,O, + 
CO,+2H,O = H,Al,Si,O, + K,CO, + 48i0,. 

In granite, as has been previously stated, grains of feldspar 
can be distinguished from quartz by the fact that they possess 
smooth, more or less bright, cleavage faces, while quartz breaks 


with an irregular fracture. 
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The cleavage forms of calcite and dolomite resemble those 
of feldspar, but they are easily scratched by the knife, while 
feldspar will scratch glass, moreover, these carbonates cleave 
in three directions while feldspars have only two directions of 
good cleavage. The carbonate minerals will also, of course, 
effervesce in acids, while feldspar is not affected in like manner. 
Fine splinters of orthoclase, when held in the blowpipe flame, 
become rounded only on the edges, The more basic feldspars 
fuse more easily. In the arts feldspar is used chiefly in pot- 
tery. Since orthoclase is found in larger and purer masses 
than the other varieties, it is the one usually employed, The 
deposits of the mineral worked form parts of coarse-grained 
granite known as pegmatite. The feldspar and quartz in 
deposits of economic value occur segregated or gathered to- 
gether in masses, each pretty much by itself. These granites 
contain few minerals other than the two mentioned. 


Amphibole and Pyroxene.—There are several varieties 
of amphibole and pyroxene, to each of which special names are 
given. Some of the members of each group of varieties are 
important as constituents of rocks. They are, however, not 
of such frequent occurrence as the feldspars, and are, especially 
when in grains in rocks, usually somewhat diflicult for the 
beginner to recognize. The members of each group which are 
found in the more commonly occurring rocks are few in 
number and are distinguished by a black or dark color. The 
amphiboles are characteristic of the lighter colored or more 
acid igneous rocks, while the pyroxenes are frequently present 
in the darker, heavier and more basic varieties. The variety 
of amphibole, known as hornblende, is found, for example, 
playing the part of mica in certain granites and syenites. 
The commonest variety of pyroxene, known as augite, on the 
other hand, is only occasionally present as an essential con- 
stituent in the syenites, and is very rarely found associated 


with quartz as a rock-forming mineral. 
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From what has been said, the learner will understand that 
if he finds grains of a dark mineral in granite which do not 
possess the characteristic cleavage of mica, they are likely to 
be hornblende. If he observes a dark colored mineral in a 
heavy, basic rock, it may be a pyroxene, but since hornblende 
at times occurs in such rocks he may not be able to decide 
absolutely as to which of the minerals it is. For the present 
he should not be discouraged if he is able only to assure 
himself that the mineral is either hornblende or a pyroxene. 
Crystals and larger cleavage fragments of the two minerals are 


more easily distinguished, the one from the other. 


Fig. 60, Fig. 51. 
Monoclinic crystal of Monoclinic crystal of Pyrox- 
Amphibole. The an- ene. The prism faces m, 


gle mm on m is 124°30'. m meet (over @) at an an- 
This is also the cleay- gle of 87° 6’; @ and b form 
age angle. a right angle. 

Both hornblende and augite crystallize in the monoclinic 
system. Hornblende is frequently found in crystals with six 
prismatic faces, while in augite the number is commonly 
eight (Figs. 50, 51, 266). Alternate pairs of faces may be 
very small or absent in augite crystals. 

There is perfect. cleavage in hornblende crystals parallel to 
some of the prismatic faces. The forms produced by this 
cleavage show angles of about 124°. The characteristic 
cleavage angle of augite is more nearly rectangular, being 
about 87°. Crystals of augite frequently show a tendency 
to separate into layers parallel to the basal plane, 
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which is inclined to the prismatic faces. The lines showing 
this structure can often be seen on faces of the prism. Slender, 
bladed crystals are more common with hornblende than with 
augite. 

The lustre of both hornblende and augite is vitreous. Their 
color is black or greenish black, and the hardness 5 to 6. The 
specific gravity of hornblende is 2.9 to 3.4. That of augite is 
slightly higher, 3.2 to 3.5. 

In composition the amphiboles and pyroxenes are somewhat 
complex silicates. The general formula for the two groups is 
RSiO,, in which R stands for calcium, magnesium, iron and 
manganese. Some varieties in each group contain alumina in 


addition to the constituents mentioned. 


The amphiboles are found more frequently in fibrous, 
acicular and bladed forms than the pyroxenes. True asbestos, 
or “mineral wool,” is a fibrous variety of amphibole. The 
asbestos of commerce, of which by far the greater part of the 
world’s supply is mined in the province of Quebec, is similar 
in form but different in composition, being a variety of the 
hydrated silicate of magnesia known as serpentine. Mountain 
leather is another curious variety of amphibole. Tremoliteisa 
white or very pale green, fibrous amphibole found in crystalline 
limestone. Actinolite is green, commonly fibrous or columnar, 
and frequently shows a radiated structure. Certain amphiboles 
and pyroxenes are found crystallizing in systems other than 
the monoclinic. Enstatite and hypersthene are orthorhombic 
pyroxenes which are frequently found in basic rocks. Diallage 
is a pyroxene that is common in the basic rock known as 
gabbro, 

Members of both groups of minerals are of little importance 
in the arts. Actinolite is mined in eastern Ontario, ground 


to powder and mixed with cement substances for use as a 
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roofing material. Buildings in several cities of the United 


States are roofed with this mixture. 


Olivine or Chrysolite.—This mineral, which is a silicate 
of magnesium and iron, is of comparatively rare occurrence. 
It contains only 41 per cent of silica and occurs as a con- 


stituent of certain basic rocks and in some meteorites. 


Olivine is bright yellowish-green in color, and is usually 
found in the form of small grains. The lustre is vitreous. 


Tts hardness is high, 6.5 to 7. The specific gravity ranges 
from 3.3 to 3.6. 


Since the mineral weathers rapidly to serpentine, and is, 
moreover, of comparatively rare occurrence, specimens con- 


taining it are difficult to obtain in most localities. 


Garnet.—There are several silicates, isomorphous in com- 
position, to which the name garnet is applied. One of the 
most common kinds is a silicate of alumina and ferrous oxide. 
In the other sub-species, the iron is replaced by calcium, 
magnesium, or some other element whose oxide plays a similar 
part in compounds. The alumina may be replaced by ferric 


oxide or a chemically equivalent oxide. 


Garnet is characterized by the fact that it usually occurs in 
distinct, well defined crystals, which are readily recognized. 
The crystals are most commonly 
rhombic dodecahedrons or trape- 
zohedrons (Figs. 52, 53). Masses 
of the mineral are also found. 

The lustre is vitreous, and the 
is color is most commonly pink or 
Garnet crystals. 

5 red, but may be green, brown, or 
of some other hue. The hardness is 7 to 7.5. The specific 


gravity is also comparatively high, 3.2 to 4. 


9 
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Some of the most beautiful crystals of garnet are found in 
mica schist, and the mineral is also a constituent of gneiss and 

| other rocks. Its occurrence 

with grains of magnetite, in- 

| termixed with sand on shores, 

has already been mentioned. 

The common kindsof garnet 
fuse easily. 

The clear, well-colored vari- 
eties are used as gems, ¢.g., 
carbuncles. Garnet in the 
granular form is employed as 
an abrasive material, but is 
inferior for this purpose to 


emery and corundum. It has 


been mined in Ashby township Fig. 53 
Large crystal (rhombic dodecahedron) of 


Ontario for abrasive purposes. garnet. (About one-half natural size.) 


Tourmaline. This mineral frequently occurs in three-, 
six-, or nine-sided prisms, which render its recognition easy 
(Fig. 54). The common 
kind is black in color, and 
is sometimes mistaken for 
hornblende, from which it 
can be distinguished by 


its lack of cleavage. The 


Fid. 54. prism faces show longi 
Tourmaline crystal; b, broken crystals in : Caer 
By MO eS ENS : tudinal striations. The 
quartz. 


black, massive variety, 
known as schorl, has frequently been mistaken for coal. It is, 
however, much harder, and, of course, will not burn. Schorl 
fuses easily. 
Tourmaline is frequently found coating the faces of narrow 
fissures or cracks in granite as well as in the mass of this rock, 


Good crystals occur in crystalline limestone. 
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In composition the mineral is a complex silicate, which is of 
interest since it contains the element boron. The composition 
is variable and the mineral is found in various colors, black 
and brown being the most common. 

The hardness is 7 to 7.5, and the specific gravity 3 to 3.2. 

Frequently the crystals are black needles which occur in 
clustered and radiating groups. 


Clear varieties, of a green or other color, are used as gems. 


Topaz.—Although this is a rare mineral it is important, 
since it is used in the seale of hardness (page 111), 

Topaz is a silicate of alumina which contains 17 per cent. 
of the element fluorine. It frequently occurs in beautiful 
clear erystals, which are prismatic in form and belong to the 
orthorhombic system. The basal cleavage is perfect. The 
lustre is vitreous and brilliant. Certain white massive kinds 
resemble quartz. 

The color varies from colorless to white and wine-yellow. 
Other colors ave sometimes seen. 

The hardness is 8, and the specific gravity about 3.5. It is 
infusible. 

The mineral is usually found in gneiss and granite associated 
with mica, tourmaline, fluorite, apatite, and at times with 
tin-stone. 


The clear, well colored varieties are used as gems. 


Serpentine, Talc, Chlorite, and Kaolinite. — These 
silicates are all secondary minerals, being formed by the 
alteration or decomposition of other minerals. They are common 
as rock constituents, and in this condition are often difficult 
to distinguish one from another. 

Serpentine and tale are closely related minerals, both being 
hydrated silicates of magnesia, The former contains about 13 
per cent, of water, and the latter approximately 5. 
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Tale is characterized by its softness, being easily scratched 
by the nail and has a soapy feel. It occurs both in the massive 
and foliated forms. In the latter case the leaves produced by 
the perfect cleavage are inelastic, thus differing from those of 
mica. The color is commonly white or sea-green. The specific 
gravity is 2.8. The compact, usually greenish-grey varieties 
are known as steatite or soapstone. The mineral occurs 


commonly in association with crystalline limestone. 


Fia. 


Asbestos (serpentine), Thetford Mines, Que. 


Tale is ground and used as a filler in the manufacture of 
paper and for other purposes, Steatite is sawn into slabs for 
use in the construction of hearths and furnaces. 

Serpentine has a hardness of 2.5 to 38. The specifie gravity 
is 2.5. The lustre is greasy, wax-like or earthy. The color is 
usually green, but may be red or yellow. 

Chrysotile is a fibrous variety of serpentine known in 
commerce as asbestos. The fibres ave flexible and may be 
woven like wool or silk (Fig. 55). Fire-proof articles such as 


theatre drop-curtains, firemen’s clothing, and roofing materials 
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are made of it. It is also used extensively for covering steam 
pipes as a heat insulator. The world’s supply of asbestos 
comes from the province of Quebec. In books on mineralogy 
the name is usually spelled asbestus. 


Serpentine, as already stated, is an alteration product of 
olivine as well as of other basic minerals. 


Meerschaum is a soft, white mineral which is light in 
weight, and is used for the bowls of tobacco-pipes. Like tale 
and serpentine, it is a hydrated silicate of magnesia. 


Chlorite.—This is properly the name of a group, whose 
members are essentially basic, hydrous silicates of aluminium, 


magnesium, and iron. 


Chlorites are found in various crystal systems, but all 
exhibit a perfect basal cleavage, and, like the micas, occur in 
plates or minute scales with a hexagonal outline. The plates 
are flexible but not elastic like mica. In color they are usually 
green, but their structure serves to distinguish them from 
serpentine, with which they are sometimes confused. The 
hardness of the most common kinds is 2 to 2.5, and the 
specific gravity 2.65 to 2.78. The lustre is pearly to vitreous. 

They are frequently alteration products of biotite, horn- 
blende and augite. 


Kaolinite.—This secondary mineral is important, owing to 
the fact that it forms the base of all clays. 


Kaolinite is a hydrous silicate of alumina. The color is 
white. In form it is earthy and clay-like. The hardness is 1 


to 2.5, and specific gravity 2.4 to 2.65. 


It is the most common of all the hydrous silicates, and is a 
decomposition product of various aluminous silicate minerals, 
especially the feldspars. Under the action of carbon dioxide 
and water the feldspars give up their alkalies and alkaline 
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earths and take up water, the resulting compound being 
HH | kaolinite. Its argillaceous odor is characteristic. 

Ordinary clays contain various impurities, such as oxides of 
iron, calcium carbonate, sulphates, and grains of various 
minerals and rocks. Kaolin is a clay which is comparatively 
free from such impurities, 

The uses of clays in the manufacture of ordinary and fire 
brick, tile and other articles are well known. Very impure 
kinds are often used in the production of ordinary brick. 


Those used for fire brick approach kaolinite in composition, 


Epidote is another secondary silicate, commonly green in 
color, which is of frequent occurrence in granite, gneiss and 
other rocks. Its association and color tend to cause it to be 
mistaken, at times, for serpentine or chlorite, but its hard- 


ness, 6 to 7, is characteristic. 


RARER SILICATES. 


The mineral silicates, known as zircon, scapolite, sphene, 
beryl, nepheline and sodalite, occur more rarely in most parts 
of the world than those which have been described. Since, 
however, specimens of these minerals are found in many 


collections it will be well to give a brief description of them. 


Zircon usually occurs in well-formed crystals, of the 
tetragonal system (Fig. 56). Its color is brown, red, or 
reddish-yellow, with resino-vitreous 
aspect. The hardness is 7.5, and specific 
gravity 4. It is quite infusible before 
the blowpipe, and is not attacked by 


acids. The mineral is a silicate of the 
rare element zirconium. eeeiee BO; 
Crystals of Zircon. 


Crystals of good size are found more commonly in syenite 


than in other igneous rocks. In eastern Ontario fine crystals 
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frequently occur with pyroxene, apatite, and other minerals in 
crystalline limestone. The best crystals come from Sebastopol 


township, Renfrew county. 
’ ~ 


Scapolite also crystallizes in the tetragonal system in combi- 
nations, usually of a square-based prism and pyramid. At 
times the texture is more or less lamellar. The hardness is 
5.5 to 6, and specific gravity 2.6 to 2.8. Before the blowpipe it 
fuses, mostly with strong bubbling. The mineral might be 
mistaken at times for feldspar or a light-colored pyroxene, but 
its crystal form distinguishes it. The best crystals of scapolite 
in the collections of the world, like those of zircon, probably 
come from eastern Ontario. These scapolite crystals, at times, 
have a diameter of six or eight inches. The mineral is, in 
some cases, an alteration product of basic feldspar, and is 
found in various rocks. The best crystals are associated with 
pyroxene, apatite, mica, calcite, zircon, and other minerals in 
deposits in crystalline limestone. Typically, the mineral is a 


silicate of soda, lime and alumina. 


Sphene or titanite frequently occurs in fine erystals in 
deposits with scapolite, apatite, and other minerals in the 
erystalline limestones of eastern Ontario. In less perfect 
erystals, if is found in gneiss and other metamorphic rocks. 
In very small crystals it also occurs in igneous rocks. The 
erystallization is monoclinic. The color is usually brown, 
black or yellowish. The hardness is 5.6, and specific gravity 
3.4 to 3.6. Before the blowpipe it melts, with bubbling, into 
a dark glass or enamel, but sometimes on the edges only. 


Typically, it is a silicate of titanium and lime. 
YI ys 


Beryl is of importance owing to the fact that it is found in 
many coarse granite dikes associated with fluor spar, tourma- 
line, tinstone and other minerals. It usually occurs in long, 


prismatic, well formed crystals of the hexagonal system 
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(Fig. 57). The characteristic color is green, which causes 
beryl to be at times mistaken for apatite. Since the hardness 
of the latter is 5 while that of beryl is 7.5 to 8, the two can 
be readily distinguished. It will also be seen from what has 
been said in describing the modes of occurrence of the two 
minerals that one is not likely to be mistaken for the other in 
the field. Cleavage is indistinct in beryl. The mineral fuses 


with difficulty and is not acted on by acids, The clear 


Fia, 57. 
Beryl crystal in coarse-grained granite. Township of Lyndoch, Renfrew County, Ont, 
(Crystal two feet long). 
emerald-green varieties are highly prized as the gem, known 


as emerald. 


Nepheline and Sodalite are sometimes spoken of as feld- 
spathoid minerals, since they play the part of feldspar in 
igneous rocks, especially in syenite. When the latter rock 
contains these minerals in important quantities it is known as 


a nepheline or sodalite syenite. In such a case the percentage 
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of alumina is higher than in that of the normal syenites. 
Frequently there is an excess of alumina in such rocks, which 
then crystallizes in the free or uncombined form, known as 
corundum. Nepheline syenite and related varieties of the 
rock are found at numerous points in the counties of Renfrew 
and Hastings and adjacent territory in eastern Ontario. 
They frequently carry corundum. Nepheline and sodalite, like 
the more acid feldspars, are silicates of alumina and the alkalies, 
soda being the characteristic alkali, although it is replaced to 
some extent by potash, Sodalite contains a few per cent. of 
sodium chloride. Both minerals fuse more or less readily, and 
gelatinize in acids. Nepheline is usually white in color and 
resembles quartz in lustre, but is readily distinguished by its 
fusibility and hardness. The characteristic color of sodalite 
is blue. The hardness of both minerals is 5.5 to 6, and specific 
gravity 2.1 to 2.6, that of sodalite being somewhat lower than 


that of nepheline. Crystals of either mineral are not common. 


VII.—SULPHATES. 

The sulphates are divided into two groups, (1) Hydrous, 
(2) Anhydrous. The important mineral, gypsum, belongs to 
the former. In the latter there are, among others, the sul- 
phates of the alkaline earths—caleium, strontium and barium 
—known respectively as anhydrite, celestite and barite. 

Gypsum (CaSO, +2H,0).—The variety of gypsum which 
occurs in distinet crystals of the monoclinic 
system or in transparent folia is known as 
selenite (Fig. 58). A fine-grained massive 
kind, which is opaque, is called alabaster. 


The mineral is also found in the fibrous form. 


The lustre on some erystal faces is pearly 
Gy;sum crystal. The and shining ; on others it is subvitreous. 
figure on the right a J 
represents a section The color is white, gray, red or some 
through a twin crystal. other shade 
One of the most distinctive characteristics of the mineral is 


the hardness, which is 1.5 to 2. The specific gravity is about 2.3. 
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Gypsum fuses rather easily, coloring the blowpipe flame 
| reddish-yellow. It gives the sulphur reaction when reduced 
with soda. In the closed tube it gives off water and becomes 
opaque. It is soluble in hydrochloric acid. 

The mineral often forms extensive beds interstratified with 
various sedimentary rocks, especially limestones. It is found 
in many parts of the United States, along the Grand River, 
near Lake Erie, in southern Ontario, and in the Maritime 
provinces. 

Ignited so as to dehydrate it at a temperature not exceeding 
260°, it again combines with water when moistened and 
becomes solid. Such ignited gypsum is known as plaster of 
Paris, which is used for making moulds, taking casts, and for 
producing a hard finish on walls. Gypsum is commonly 
employed as a fertilizer and is then called land plaster. 

Two hydrous sulphates are of medicinal value. These are 
the minerals mirabilite or glauber salt, and epsomite or epsom 
salt. The former has the formula Na,SO,+ 10H,O, and the 
latter MgSO,+7H,0. Both minerals give reactions, similar 
to those of gypsuin, for water and sulphur. They are both 
very soluble in water. 

Mirabilite falls to powder in the air and becomes anhydrous. 
Its solution gives with barium salts the reaction for sulphuric 
acid. Before the blowpipe the mineral gives an intense yellow 
flame. Since epsom salt is readily obtainable for blowpipe 
practice, it may be added that on charcoal (before the blow- 
pipe) it fuses at first, and finally yields an infusible alkaline 
mass, which, when moistened with a solution of cobalt nitrate, 


gives a pink color on ignition. 


ANHYDROUS SULPHATES, 


There are three common anhydrous sulphates. The base of 
each is one of the alkaline earth metals,— calcium, strontium, 
or barium. They all crystallize in the orthorhombic system. 


DESCRIPTIONS OF MINERALS 107 


Anhydrite (CaSO,).—The crystallization, hardness, and 
the absence of water distinguish this mineral from gypsum. 
Its non-effervesence in acids distinguishes it from carbonates, 
for which it might be mistaken. The cleavage is in three 
rectangular directions. The hardness is 3 to 3.5, and specific 
gravity 2.8 to 2.9. The lustre is vitreous to pearly. The 


color is usually white, but other shades are not uncommon. 


Celestite (SrSO,).—The cleavage of celestite crystals is 
perfect parallel to the basal plane and distinct in other direc- 
tions. The mineral frequently occurs in radiated, fibrous 
masses. The lustre is vitreous to pearly. The hardness is 3 
to 3.5, and the specific gravity about 3.9, which is less than 
that of barite. The color is white, often faint bluish (hence 
the name from cé/estis, celestial), or reddish. It is transparent 
to translucent, and very brittle. 

Before the blowpipe, celestite decrepitates and fuses to a 
white pearl, coloring the flame strontia-red. With soda on 
charcoal it gives the sulphur reaction. Tt is insoluble in acids. 

The mineral is usually associated with limestone or sandstone, 

Celestite is used in the arts for the extraction of the oxide, 
strontia, which is employed in the manufacture of materials 
for fireworks, and in the refining of sugar. On this continent 
the closely related oxide of calcium, lime, is used for the latter 
purpose. It has been mined near Calabogie, Ontario. 

Barite (BaSO,).—The crystals of this mineral are usually 
tabular in form, and they possess a perfect basal cleavage 
(Figs. 59, 60). It also a= 
oceurs in globular, fibrous 
and lamellar forms. 

The lustre is vitreous, Fia, 59. 
inclining to resinous, and Marte onyetale: 
at times pearly. The color is variable, but usually white. 
It is transparent to translucent or opaque. 
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The specific gravity, which is 4.3 to 4.7, serves to distinguish 
it from other minerals for which it might be mistaken. The 
mineral is frequently called heavy spar. The hardness is 2.5 
GO 2D: 


Fig. 60. 


Vein from which barite has been mined. In horizontally-lying limestone, Elginburg, 
near Kingston, Ont. (Dr. H. M. Ami, G.8.C.] 
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Before the blowpipe it decrepitates and fuses, coloring the 
flame yellowish-green. Tt is insoluble in acids, and gives the 
reaction for sulphur when reduced on charcoal with soda 


(page 204). 
Barite occurs commonly in veins with ores. 


The white varieties are ground to an impalpable powder, 
and used as a white paint either alone or mixed with white 


lead. Barite paint is not discolored by acid fumes. 


VIII.—PHOSPHATES. 


There are a number of mineral phosphates, but the one of 
most common occurrence and of the greatest economic import- 
ance is calcium phosphate, which contains a certain percentage 
of either calcium chloride or calcium fluoride. This mineral 
is known as apatite. Its formula is (CaF)Ca,P,0,,. The 
fluorine may be replaced by chlorine. 


Apatite.—This mineral crystallizes in the hexagonal 
system (Figs. 61, 62). Crystals from different districts vary 
in form. Those from southeastern Ontario 
and the adjoining part of the province of 
Quebee, which is one of the best known 


apatite regions, consist of a six-sided prism 


4 capped by a pyramid, which is sometimes 
1a. G1. © M : 
Apatitercrvetals truncated by the basal plane (Fig. 61). 


The mineral also occurs massive. 


The hardness is 5, and the specific gravity about 3. The 
lustre is vitreous inclining to sub-resinous. The color is 
usually sea-green or bluish-green, or reddish. The fracture 
is conchoidal and uneven. The mineral is brittle. 

Before the blowpipe a splinter of apatite fuses with 
difficulty on the edges. The mineral in powder dissolves in 
nitric and hydrochloric acids. The solutions yield, with 
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sulphuric acid, a copious white precipitate of calcium 
sulphate. 


Apatite is found chiefly in metamorphic crystalline rocks ; 
the more important deposits oceur usually in crystalline 
limestone. The apatite of Canada 
is usually associated with amber 
mica, pyroxene and calcite. Mi- 
nute, microscopic grains or needles 
of the mineral are present in most 
igneous rocks. These are the 
source of the phosphorus extracted 
from the soil by plants (see page 


186). 


The mineral was named from a 
Greek word which means to de- 
ceive, on account of the fact that 
the older mineralogists had mis- 


taken it for various minerals. 


Apatite is used in the manufac- 


Fi. 62. 
ture of a fertilizer. The mineral is Apatite, hexagonal prism and pyra- 
mid, Frontenac County, Ont. 


treated with sulphuric acid which (About onechalt natulateeas 
produces a soluble phosphate, very 

valuable as a food for plants. During late years little of the 
mineral has been mined in Canada (which formerly exported 
large quantities of it) owing to the discovery of large, lower 
grade, but more cheaply worked, deposits in the southern 
States. The material in these deposits consists largely of 
what is known as rock phosphate. Guano is another substance 
from which phosphate is obtained for use as a fertilizer. The 
element phosphorus, extracted from these minerals, is employed 
in the manufacture of certain kinds of matches and for other 
purposes. 
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The beginner should not merely try to memorize the char- 
acteristics of minerals. He should compare specimens of one 
mineral with those of others. By doing this he will quickly 
learn the relative hardness and other characteristics of various 
species. THe should first try to learn thoroughly the characters 
of «a few common minerals. The number need not be more 
than eight or ten, among which should be the non-metallic 
minerals, quartz, feldspar, calcite, mica Among metallic 
varieties, he should first study iron pyrites, copper pyrites, 
magnetite and hematite. 

The following groups contain minerals which the beginner 
is apt to mistake one for another, especially when in small 
grains or scales, and not well crystallized. From the descrip- 
tions which have been given, it will be seen that each can be 
identified by simple tests. 

1. Native gold, native copper, iron pyrites, copper pyrites, 

yellow mica in minute scales. 

2. Native silver, galena, mispickel, smaltite, cobaltite, white 

3. Quartz, feldspar, calcite, fluor spar. [mica in scales, 
4. Graphite, molybdenite. 

5. Schorl, anthracite. 

6. Apatite, beryl. 

HARDNESS. 

For comparing the hardness of ininerals, the following list, 
known as the scale of hardness, is commonly used. The 
number before each mineral represents its hardness, that of 


tale being 1, gypsum 2, and so on :— 


ee ile: 6. Orthoclase. 4 
2. Gypsum. 7. Quartz. 

3. Calcite. 8. Topaz. 

4. Fluor Spar. 9. Corundum. 


5. Apatite. 10. Diamond. 
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It will be seen that these are all non-metallic minerals. 
For practice in comparing the hardness of minerals with a 
metallic lustre, draw up a list of eight or ten, no two of which 
possess the same hardness. 

The reader will have little difficulty in obtaining specimens 
of each of the minerals in the scale, with the exception of the 
diamond. Some of them can be collected in almost any neigh- 
borhood, while others can be procured by exchange, or at 
little cost by purchase. Crystals, with smooth surfaces, or 
cleavage pieces, are the most serviceable. The specimens 


should be fresh, and free from admixture with other minerals. 
Speciric Graviry. 


Much use can be made of specific gravity, With a little 


—s 


practice one can say whether that of a specimen is high, low, 

or medium. By this means barite, for example, can be readily 

distinguished in the hand from calcite, fluor spar or other 
g ] 


—_—— a 


mineral for which the beginner might mistake it. 

Among non-metallic minerals the average specific gravity 
ranges from 2.6 to 3; for example, quartz, 2.66; calcite, 2.7; 
the feldspars, 2.6 to 2.75. A specific gravity of 2.5 or less 
is low, and is characteristic of soft minerals; for example, 
gypsum, 2.3. A specific gravity above 3.5 is relatively high 


for non-metallic minerals; for example, diamond, 3.62; 


corundum, 3.95 to 4.10; celestite, 3.95 to 3.97; barite, 4.5. 

Minerals with a metallic lustre have an average specific | 

gravity of about 5:—Iron pyrites, 4.95 to 5.10; hematite, 

j 5.2 to 5.3; magnetite, 5.18. That of the following is high: 
—Galena, 7.5; copper, 8.8 to 8.9; silver, 10.1 to 11.1; lead, 

11.4; platinum, 14 to 19; native gold, 15.6 to 19.3. The 
variation in different specimens is due to the presence of other 
substances in admixture. Pure gold, for example, has a 
specific gravity of 19.33, but the metal is never found per. 
fectly pure in nature. 
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The lustre, color, streak and other characters of common 
minerals, have been summarized in the table on pages 50 
to 53. 


CRYSTALS. 


As a review exercise in crystallography it will be well to 
prepare a list of minerals which crystallize in the isometric 
system. Similar lists should be prepared for each of the other 
five systems. 


LocaLitirs. 


Tn order to systematize his knowledge of mineral localities, 
the reader should draw up lists, consulting the text and the 
index of this book. For example, under the heading of copper 
pyrites give localities in which this mineral is found. On the 
other hand, under the heading of a locality, district or terri- 


tory, give the names of minerals which are found therein. 
Further notes on mineral localities are given in Part IV. 
bo) 


The reader should look up the pronunciation of the names 
of minerals and rocks, concerning which he is in doubt, in 
some standard dictionary. A knowledge of the origin of the 
names is also of value. 


goacslnest Ns sa) Ib) 
ROCKS AND ROCK STRUCTURES. 


Classification of Rocks,*—According to the commonly 
aecepted theory, the earth and the other members of the solar 
system were, at one time, in a fused or molten condition ; 
hence the first rocks formed on our globe (through the cooling 
of the molten mass) belonged to the class known as_ the 
Igneous, or heat-formed rocks. These rocks are still being 
formed (as shown by volcanoes) through the cocling of fluid 
matter which rises from depths in the interior of the earth, 


through fissures in the crust, to or towards the surface. 


Igneous rocks which have solidified at the earth’s surface, 
or have been exposed by the wearing away or denudation of 
overlying rocks, are acted on by the atmosphere, water and 
other agencies, and broken down, to a greater or less extent, 
to form gravel, sand and clay. The materials thus formed, 
which are fragmental in nature, together with rocks formed 
by the deposition of the remains of plants and animals, make 
up the greater part of the class known as Aqueous, or water- 
formed rocks. They are given this name on account of water 
being the chief agent in their formation. They are known 


also under the names sedimentary, fragmental, and clastic. 


The sorting action of water on the loose material into which 
rock masses are broken may be seen along the shore of any 
jake. The coarsest materi, gravel, is deposited near the 
shore ; while the sand is deposited in layers in deeper water ; 


and the finest material, or clay, is deposited still farther from 


* The indoor or laboratory study of rocks is known as Lithology. The study of 


larger structures, such as Jointing and Stratifi 


ution, is called Petrology. Petrography 
is a broader term and embraces both lithology and petrology. The three terms are, 
however, not always used in the way here described. 


114 


eS eS eae) aes ees ee 


Boa een seeds ps 
Ty 


Nipissing Silver Mine, Cobalt, Ontario 


OUvIUY ‘oYV']T puvpysyy ‘oUlP ploy seysny-YxooL, 


ROCKS AND ROCK STRUCTURES 115 


the shore line. Through the effects of pressure and cementing 
substances, these loose products are solidified in time into beds 
or strata of conglomerate, sandstone and shale (Figs. 72, 73, 
81, 83). 

If these aqueous rocks are subjected to greater pressure and 
heat, they are rendered very compact, and their characters are 
much altered. They become more or less crystalline in appear- 
ance and are then known as Metamorphic or altered rocks, or 


as the Crystalline schists. 


Metamorphic rocks are also formed from those of the igneous 
class through the agency of pressure and chemical action, 
Thus, while some gneisses are known to be altered aqueous 
rocks, it has been proved that others have been formed through 


the alteration or metamorphism of igneous rocks, 


We thus have three kinds, or three great classes of rocks, 
making up the crust or outer part of the earth, vi. the 
Tgneous, Aqueous and Metamorphic rocks (see pages 21, 22). 


A.—IGNEOUS ROCKS, 


Volcanic and Plutonic Rocks. —The earth is constantly 
losing heat and diminishing in size. The interior as it loses 
heat tends to shrink away from the external cool and solid 
crust. This causes the crust to become folded and wrinkled, 
as the cooling goes on. In places the side or lateral pressure 
on the folds becomes so great that they are cracked and broken 
across. The fissures or cracks thus formed in the crust some- 
times reach to such depths that the highly heated matter 
of the interior finds a passage to the surface. On cooling it 
gives rise to surface-formed igneous rocks, or, as they are 
generally called, voleanic rocks. The material of which these 
are composed, on exposure at the surface of the earth, 
cools quickly, after the manner of the molten material which 


is drawn from a furnace. Hence we find that volcanic rocks 
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are often slag-like or glassy in appearance. Only a part of the 
injected molten matter will reach the surface. Much of it 1s 
arrested some distance below, where being out of contact with 
the air and surrounded by rocks, which are poor conductors, 
it loses its heat or cools slowly, and gives rise to rocks which 
are coarse-grained and crystalline, and not glassy or slag-like 
in appearance. Igneous rocks of this class are called plutonic 


rocks, since they are formed deep down beneath the surface of 


the earth. Fissures filled with igneous rocks are known as 


dikes (Figs. 63, 75, 76, 57) 


Fic. 63.—A dike of light-colored granite cutting crystalline limestone. 
Chandos Township, Peterborough County, Ont. 
[Dr. A. E. Bartow, G.SX.] 


Tt is not to be inferred from what is said in the preceding 
paragraph that the earth has a molten interior. While the 
material, a certain distance beneath the surface, is at a high 
temperature, the pressure is great enough to keep it in the 
solid form. Where the pressure is relieved by folding or 


fissuring, the highly heated matter becomes molten or fluid. 
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Veins.—Some of the fissures formed by the fracturing of 
the earth’s crust do not extend down to the highly heated 
interior, and hence are not filled with molten material. In 
course of time, however, most of these fissures are filled with 
mineral matter, which is deposited from solution in the waters 
that circulate through the crevices and openings in the rocks 
(pages 23,174). The fissures thus filled with mineral matter are 
known as veins (Figs. 15, 30, 60). It is from these veins that 
some of the finest mineral specimens and most valuable ores 
are obtained. While dikes and fissure veins are similar in 
form, the latter are of aqueous origin, while the former are of 
igneous formation, 

It is natural that the older rocks should in most cases be 
more broken and fractured than the newer; hence veins are 
more frequently found in them. In the process of folding, 
openings are made between the beds of rocks, and, moreover, 
cavities are made through the solvent action of water. 
These openings and cavities are filled in the course of time 
in the same way, as are some fissures, by the deposition of 
material from solution. We thus get mineral deposits or ore 


bodies of various forms (page 172). 


Fig. 64. 
(A) Limestone. (B) Granite. (C) Gneiss. (Q) Granite Quarry. 
Section across Barrieficld Common, Kingston. 
(A) Limestone (an aqueous rock). (B) Granite(an igneous rock). (C) Gneiss (a meta- 
morphic rock). 

Tf a series of beds of rocks has been folded and then exposed 
to erosive or breaking-down action, through the agency of 
water and the atmosphere, the tops of the folds may be worn 
off. We then get a structure such as is shown by the gneiss 
C in fig. 64. (See also Figs. 78, 79.) 


te} ’ 
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Rocks of three ages are shown in the section, viz.: gneiss; 
granite, which cuts through the gneiss and is therefore the 
younger of the two; limestone, which overlies both the granite 
and the gneiss and contains fragments of the former, and is the 
youngest of the three. Glacial boulders and other loose 
material, which overlie the limestone, but are not shown in 
the section, are the youngest rocks present. 

Several common geological terms may be explained by means 


> the point of junction of two 


of the section, e.g., ‘contact,’ 
different rocks, e.g., the limestone with the gneiss or granite; 
“unconformity,” the beds of limestone lying on the upturned 
edges of the gneiss. The layers of the gneiss make an angle 
with the horizontal. The gneiss is therefore said to “dip” at 
a certain angle. The horizontal direction or the course of the 
upturned edges, which is perpendicular to the line of dip, is 
spoken of as the “strike.” The granite appears at the surface 
of the ground, or forms an “outcrop.” A mass of igneous rock, 
such as the granite here shown, exposed at the surface in a 
more or less rounded or irregular form, is spoken of as a ‘“‘boss.” 
Narrow fissures in the gneiss are filled by granite. Such 
structures are known as “dikes.” The foldings in the gneiss 
show “anticlines” or ridge-like forms, and “synclines” or 
trough-like forms. The bedded structure in the limestone is 
spoken of as “stratification,” each bed being called a stratum. 
The gneiss shows a layer-like structure also, but the layers are 
not so regular as those in the limestone, and are more or less 
finely bent and crumpled. This structure in gneiss and other 
crystalline rocks is spoken of as ‘“schistosity’—the rocks are 
said to havea schistose structure. The granite is not arranged 
in layers, and is called a “massive” rock. Several of these 
terms are explained more fully on pages 142 to 153 


Names or Ianrous Rocks. 
The igneous rocks may be divided, as we have seen, into two 


groups—plutonic and volcanic. The members of each group 


—— 
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are again subdivided, according to the percentage of silica they 
contain, into acid, intermediate and basic rocks. The divisions 
are made approximately as follows:—If a rock contains over 
65 per cent. of silica, it is spoken of as an acid rock; if its 
percentage of silica is between 50 and 65, it is said to be 
intermediate in composition. Rocks containing less than 50 
per cent. of silica are said to be basic. 


The names given to Igneous rocks, unless they are glasses, 
depend on the minerals they contain—hence also on their 
chemical composition—and on their texture, that is on the 
form and arrangement of their constituent minerals. 


The following tabular arrangement of the Igneous rocks 
shows the way in which they are classified according to the 
description given above. Only the more commonly occurring 
rocks are shown in the table. The minerals named are those 
which are found in the more characteristic varieties of each 
rock. Hornblende, for example, may be replaced in whole 
or in part by biotite or by pyroxene, and vice versa. 


Chief feldspar=ORrTHOCLASE. Chief feldspar=PLAGIocLasE. 


3 | with usually Mrea (or) (and) with % 
5 g Hornpienve (or) (and) HornBLenvdE Ais. 
ae AUGITE. (or) (and) Mica ees 
BS — aS 
pe - 5 
Hee with without 
g QUARTZ. QUARTZ. 
& 
Granite. Syenite. Diorite. Gabbro. 
Rhyolite. i Trachyte. Andesite. Basalt. 
o 
PI Obsidian. Diabase. 
< 
bc Pitchstone. 
° 
> Pumice. 
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The mineralogical composition of the plutonic vocks can 
be made ont by a glance at the table; for example, it is seen 
that we may have a syenite which is composed of mica and 
orthoclase, or a granite which has quartz, orthoclase and horn- 


blende as essential constituents. 


Each volcanic rock corresponds in chemical composition, 
especially in percentage of silica, to the plutonic rock in the 
same: vertical column. Usually, however, the volcanic rocks 
are incompletely erystallized. They contain more or less glass, 
which is represented in the corresponding plutonic rocks by 
mineral grains. 

Tt will be seen that among the plutonic rocks granite, since 
it contains the more acidic minerals, stands at the acidic end 
of the series, and gabbro at the basic. Similarly the per- 
centage of silica decreases as we pass from rhyolite through 
trachyte and andesite to basalt. (See the descriptions of mica, 
feldspar, amphibole, and pyroxene, pages 89 to 97). 


There are no hard and fast lines between rocks. We find 
one group or class passing gradually into another. Thus, one 
might get a rock which could be called either a basic granite 
or an acid diorite. Hence, too much stress should not be 
placed ona name. If we know the characteristics of a rock, 
that is, can give a description of it, it matters very little for 
our own convenience whether we give a name to it or not. A 
name serves merely as a short general description ; but, as many 
closely related rocks, varieties of granite for example, differ 
from one another in so many particulars, it is necessary for us, 
if we wish to give the characteristics of a certain granite, to 
state something more than its mere name. In most cases, the 
characters of the Aqueous rocks are less difficult to determine 
than are those of the Igneous class, and no tabular arrangement 
is required in their description. The more common Aqueous 
rocks, as we have seen, are conglomerate, sandstone, shale and 
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va 
limestone (pages 21, 22). The Metamorphic rocks also do not 


require a complex classification (page 22). Some of the more 
common members of this class are gneiss, mica schist, quartzite, 


slate, and crystalline limestone. 


Representative Plutonic Rocks. 
GRANITE, 


Granites are coarse or medium-grained rocks, gray or light 
red in color, composed typically of quartz, orthoclase, or other 
acid feldspar, and mica, either biotite or muscovite, or both. 
Mica may be replaced in whole or in part by hornblende, and 
rarely by augite. The ferromagnesian constituents, biotite 
ranite are often decayed, and the feldspar 


and hornblende, in gr 


is often more or less altered to kaolinite, when the rock has 
been subjected to atmospheric influences. Some of the most 
common accessory minerals of granite are magnetite, apatite, 
tourmaline and zircon. Cassiterite, or tin-stone, is also found 
in certain varieties of the rock. 


Granites are found in bosses and dikes cutting through 
other rocks, and they are often overlain by sedimentary material. 
They frequently show a porphyritie texture, i.e., part of the 
feldspar or other minerals occurs in well defined crystals set 


through the mass (Figs. 65, 71). 


Granite pegmatite is a very coarse-grained rock, made up 
of the same minerals as are found in ordinary granite. Quartz 
and light colored feldspar, however, predominate in this rock, 
and mica, when present, is usually light colored. The rock 
is often a storehouse for rare and valuable minerals, among 
which may be mentioned tin-stone, tourmaline and_ beryl. 
Graphic granite is a variety in which the gray quartz is so 
arranged through the white feldspar as to present the appear- 


ance of characters in the ancient alphabets (Fig. 66 ). 
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Fig. 66, 


Graphic Granite. Gray quartz is set in white feldspar. 
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Granite and other plutonic rocks are found in so many 
districts that it is not considered necessary to give the names 
of localities. 


The value of a granite mass for industrial purposes depends 
on a number of factors, among which might be mentioned 
color, homogeneity in texture, power of resisting decay, ease 
in quarrying, and facilities for transportation, An altered 
granite found in the gold regions of northwestern Ontario, 
and in other parts of the world, is sometimes known as 
protogine, but the name is not used so much as formerly. 
Granites have in some cases been changed into gneiss through 
the action of pressure and other agencies. 

SYENITE. 

This rock is coarse to medium-grained and it usually has ¢ 
reddish or gray color. It has much the appearance of granite, 
and differs from it only in the absence of quartz. Hence a 
syenite may be called a quartzless granite. While the per- 
centage of silica in granite, on account of the presence of 
quartz, is high, 65 to 80, making an acid rock, the silica in 
syenite is in a considerably lower percentage. Syenite is 
therefore said to be a rock of intermediate composition—its 
percentage of silica lying between that of granite and the 
basic rocks, or those low in silica. A highly interesting rock, 
known as nepheline syenite, is found in some parts of the 
world. Init the rare mineral nepheline plays the part of a 
feldspar. 

In describing a granite, syenite, or other igneous rock, it 
is necessary to state the mineralogical composition. For 
example, we may have a hornblende syenite, or a biotite 


syenite, and so on. 


Syenite is commonly called granite in commerce. 
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DIORITE. 


This is usually a rather coarse-grained rock, darker in color 
than syenite, from which it differs by having a soda-lime 
feldspar, instead of orthoclase, as its chief feldspathic con- 
stituent. Typical diorite consists essentially of plagioclase 
and hornblende. 

Since it is often difficult to distinguish diorite in hand 
specimens from other dark colored medium- or coarse-grained 
igneous rocks, the name is frequently used as a convenient 


field term for all such rocks. 


GABBRO. 


Gabbro is often very coarse-grained and usually dark in 
color. It contains a lower percentage of silica than diorite, 
and typical specimens are composed essentially of basic 
plagioclase and the variety of pyroxene known as diallage. 
Where hypersthene is present as an essential constituent, the 
rock is known as norite. Anorthosite, a rock related to 
gabbro, consists essentially of lime-soda feldspar. It may be 
mistaken for crystalline limestone, but is harder. Gabbro 
often contains much magnetite, and it is believed by some 
authorities that certain magnetite deposits found associated 
with this rock are of igneous origin, and have been formed 
at the same time and out of the same molten mass as the 
gabbro with which they are associated. A similar theory has 
been proposed to account for the origin of the nickeliferous 
pyrrhotite deposits of Sudbury, which are associated with 


gabbro-like rocks. 


Very coarse-grained varieties of gabbro, diorite and syenite, 
like similar varieties of granite, are called pegmatites, and are 


known as syenite-pegmatite and so on. 
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Representative Volcanic Rocks. 
OBSIDIAN, 


This is a natural glass. It is usually a volcanic representa- 
tive of the plutonic granite, as the two rocks frequently agree 
in chemical composition. Their textural difference, one being 
a glass and the other a coarsely crystalline granular rock, is to 
be accounted for by the difference in the conditions under 
which they were formed. Granite originated deep down 
beneath the surface of the earth by the gradual or slow 
cooling of molten matter, and has been exposed by denuda- 
tion. On the other hand, the molten material from which 
obsidian was formed poured out at the surface of the earth 
and lost heat so quickly that there was not time for the 
constituent molecules to arrange themselves in mineral 
grains. The whole mass became solid in a comparatively 


short time. 


Occasionally obsidian has a composition similar to that of 


slutonic rocks other than granite. 
on) 


Rhyolite is like granite in chemical composition, but is 
more or less glassy. Sometimes it is composed of crystals of 
orthoclase and granules of quartz set in a glassy ground- 
mass. 

PUMICE. 

This rock is a porous or vesicular obsidian. Pitchstone, 
which is resinous in appearance, may be looked upon as a 
hydrous obsidian. The name felsite is sometimes given to a 
devitrified glassy rock, fine-grained and compact in structure, 
and consisting of orthoclase intimately mixed with some 
quartz. It has a flint-like fracture, and sometimes is very 
dull or stony in appearance. The term felsite is, however, 
like the names of some other rocks, so differently used by 
different writers that its reputation as a rock name is lost. 
Specimens of pumice can be obtained in many drug stores. 
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TRACHYTE 
Trachyte is a voleanic rock which corresponds to syenite 
in chemical composition. It is light gray in color and 
presents a dull appearance. At times it looks somewhat like 
a fine-grained limestone, but crystals of feldspar can usually 


be detected in the fine-grained ground-mass. 


ANDESITE. 

This is the volcanic representative of diorite. It is so 
named on account of the fact that typical outcrops of it are 
found in the Andes mountains. It is also met with in the 
western States, British Columbia, and other parts of the 
world. 

Andesite is usually darker in color than trachyte, but at 
times it is impossible to distinguish the one rock from the 


other in hand specimens. 


BASALT. 


Basalt corresponds in chemical and mineralogical composi- 
tion to gabbro, and is one of its volcanic representatives. 
It is a dark, heavy, close-grained rock, 
and is often known under the name 
of trap, which is a convenient field 
term. It often possesses a columnar 
structure, and frequently contains 
small cavities through it, which are 
filled with agates or other minerals 
(Figs. 67, 68). Since these cavities 


Fia. 67. are frequently almond-shaped, the 


Amygdaloidal Basalt showing rock, when containing them, is said to 
the amygdales arranged in cyl- 3 ; 

indrical masses in fine grained haveanamygdaloidaltexture. Basalt, 
basalt, : 
ae and the closely related diabase, are 


characteristic rocks on the north shore of Lake Superior. 


bo 
Si 
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DIABASE. 
Diabase is another volcanic representative of gabbro. It 
differs from basalt in structure. Typically, it consists of the 
two essential minerals, plagioclase and augite, but olivine may 


Fia. 68. 


Columnar structure in Basait. 


also be present, when the rock is known as olivine diabase. 
Diabase tends to weather at the surface of the ground into 
spheroidal or ball-like masses (Hig. 69). When examined 


in thin sections or slices under the microscope the plagioclase 
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is seen to be in lath-like strips which are set into the augits. 
Ona weathered surface 
plagioclase laths may be seen as very fine, short, white lines, a 
characteristic by which the rock may be distinguished. Of 


of the rock, in hand specimens, tie 


Fig. 69. 


Spheroidal weathering in Diabase. Quinze River, Que. 
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course if the surface examined is much rusted or decomposed 
the lines do not come out. Various accessory minerals are 


found in the rock. 


Boulders of basalt or diabase are to be found in most 
districts in the northern States and Canada. As it will 
usually be difficult to distinguish the one rock from the other, 
the name trap, which covers both of them, can be applied 
to any fine-grained, compact, dark colored, massive rock. 
Farmers frequently call the boulders of these rocks “hard 
heads.” 

In most districts in which exposures of igneous rocks 
occur, the reader will find outcrops of diabase or basalt in 
dikes or masses. 

Tn western mining camps the name porphyry is applied to 
almost every rock that occurs in dikes or sheets. Such rocks 


in most cases belong to the voleanic group. 


B.—AQUEOUS ROCKS. 


The chief characteristics and the origin of the class of rocks 
to which the name aqueous is applied have been described on 
a preceding page. It has also been shown that the names 
fragmental, sedimentary, and clastic are used in about the 
same sense as aqueous. Since the members of this class 
usually occur in well defined beds or strata they are frequently 
known as the stratified rocks (Figs. 5, 72, 73, 81, 83, 85). 

We have seen that sand, gravel and clay are laid down 
mechanically by the action of water. It has also been stated 
that, while a few limestones are of chemical origin, being 
precipitated from solution in water, most limestones are of 
organic origin, being formed by the accumulation, under 
water, of the calcareous shells and hard parts of animals. 
According to their mode of formation, aqueous rocks can 
therefore be divided into three groups, viz., mechanically, 


THEY OCCUR 


Fig. 71, 


The specimen was taken at the edge of a trap dike. 
Volcanic rock with porphyritic texture. 
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ct with granite. 


Flow structure in a volcanic rock (produced by movement in molten material). 


Trap in conta 
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chemically, or organically formed. Tt should, however, be 
remembered that, as in the ease of the igneous rocks, no hard 
and fast lines can be drawn between these three groups of 
aqueous rocks. Frequently, for example, we find calcareous 
sandstones in which the calcareous constituent may be either 
of chemical or organic origin. At other times limestones are 


found which contain more or less clay or sand. 


There are two groups of rocks, of minor importance, to 
which the name fragmental is properly applied, but which do 
not belong to the aqueous class, since water plays no part in 
their deposition. These are (1) the wind-deposited or aeolian 
rocks, e.g , sand dunes, and (2) the accumulations of fragments of 
various sizes which are thrown out from yoleanoes (Figs. 21, 22). 
The latter are known as the voleanic fragmental group. The 
material composing them varies in form from fine dust or sand 
to that which is made up of large blecks. The coarser deposits 
of this kind frequently contain blocks which are more or less 
rounded. They then resemble the ordinary water-deposited 
conglomerates, but can frequently be rather readily distin- 
guished by the fact that they are made up of fragments of 
various sizes and shapes. They thus do not show the sorting 
effect of water. Such deposits of coarse voleanic fragmental 
material are known as agglomerate. A rough sorting is 
accomplished by the large blocks falling near the vents, while 
the lighter particles may be carried for a long distance in the 
air. When such material has fallen into, or been worked 
over, by water, if is arranged in beds which have the appear- 
ance of ordinary sand and gravel deposits. The finer-grained 
layers are then known as ash-beds, feldspathic sandstones, 
and so on, depending on the predominant constituents. The 
general name, volcanic tuff or tufa, is also used for these 
deposits. Tufaceous beds may contain a greater or less 


amount of ordinary sedimentary material. 
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1. Arenaceous Rocks.—The name arenaceous (from arena, 
sand) is applied to rocks which contain more or less quartz in 
the form of grains. Ordinary sand and sandstone, which have 
been described on a preceding page, come under this heading. 
Certain limestones, clays, or shales at times contain quartz 
grains. We thus have arenaceous limestones and shales. 

Sandstones, as already stated, usually contain grains of 
other minerals and rocks, in addition to quartz, especially 
those minerals which are not easily decomposed by atmos 
pheric agencies, such as magnetite and garnet, and occasionally 
native gold and other rare species. 

Sandstones vary greatly in color and other characters. The 
color depends on the percentage and state of oxidation of the 
iron present. Brown and red sandstones are popular building 
materials in some localities. Their colors are due to the 
presence of ferric iron. 

If a sandstone, in being eut into building blocks, does not 
tend to separate into layers, but can be worked almost as 
readily in one direction as in another, it is known as a free- 
stone. When the rock splits easily into slabs, it is called 
flagstone. 

On another page it was stated that, when sandstones are 
subjected to pressure and heat, accompanied by more or less 
chemical action, they are changed to a.more compact rock, 
which has, usually, a brighter appearance, and is known as 


quartzite. This rock belongs to the metamorphic class. 


Limestones at times break down into a mass of grains with 
the size of those in ordinary sand. We then have what may 
be called a limestone sand, using the name sand in a wide 
sense. Under certain atmospheric conditions, other rocks 
break down and give rise to material with the texture of 
common sand. A mass formed by the breaking down of 
granite, and consisting of grains of feldspar, quartz, and 
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other minerals, is known as arkose. If such a rock consists 
essentially of quartz and feldspar, it may be called a feld- 
spathie sandstone. 

Conglomerates, which have been described on a preceding 
page, vary greatly in composition, being built up of the 
rounded fragments of various minerals and rocks. They are 
closely related to sandstones (Figs. 8, 73). 

The cementing materials, which bind sandstones and con- 
glomerates together, are usually either calcium carbonate, 
silica, or iron oxide, These substances are deposited from 
solution in the waters which percolate through the, at first, 
loosely coherent beds of sand and gravel. In the boulders of 
sandstone or conglomerate, which the reader may discover in 
his neighborhood, the cementing substance will usually be 
silica, in the form of quartz. In some sandstones it will be 
found difficult to distinguish between the cementing substance 
and the original grains of quartz. The grains have simply 
increased in size by the deposition of silica. 

Fossils are usually not so abundant in sandstones and con- 
glomerates as in limestones. 


2. Argillaceocus Rocks.—Tke term argillaceous is applied 
to clays and other aqueous rocks which contain kaolinite. 
Clays have already been briefly described in discussing the 
characteristics of kaolinite. They sometimes show well 
defined bedding, and at other times they are massive and 
contain numerous scattered boulders (Figs. 5, 6, 72). The 
term boulder-clay or till is applied to the latter class of clays 
which are quite common in the northern States and Canada. 
These massive, boulder clays are glacial deposits. 

The uses made of clays have already been mentioned. 


Sandstones and limestones, which contain more or less clay 


or kaolinite, are known as argillaceous sandstones and argil- 


bo} 


laceous limestones, respectively. 
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Most clays contain more or less iron, in various states of 
oxidation, calcium carbonate, quartz and other minerals, and 
pass into sand or sandstones on the one hand, and into marl 


or limestone on the other. The purest clays, known as fire 


IG. 72. 


3edded Clay. This illustration represents a closer view of a part of the clay bank 
5. The alternate lighter-colored layers are more or less marly. 


shown in lig. 


clays, since they are used in the manufacture of brick which 
withstand a high temperature, are found in association with 
coal beds. In the process of change, which the entombed plant- 


remains undergo to form coal, carbonic acid gas and other 
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compounds are expelled which, with water, tend to leach the 
alkalies and other impurities out of the clay, The clay beds in 
many cases represent the soil, thus purified, on which the 
coal plants grew. 

Deposits of kaolin are sometimes found, especially in non- 
glaciated countries, at or near their source of origin. They 
are formed by the weathering of granite or other feldspathic 
rocks in place. Such deposits have not been worked over by 
glaciers or water, and thus have not had impurities introduced 
into them. 

The occurrence of concretions in clay has been referred to 
on page 10. They frequently form around a shell or the body 
of an animal, or around a pebble. They contain calcareous 
or other cementing material. In some cases the cement is 
organic, exuding from the enclosed remains, Remarkable 
concretions are sometimes found in sandstones (Fig. 73). 

The following table shows the difference in percentage 
composition between (1) kaolinite, with theoretical percentage, 


2) a fire clay, (3) an ordinary brick clay :— 
J? rv v 


L, 2. 3. 
SIMCHA vce alere.2 Sa ataste siemastinsr au 46.50 49.64 59.96 
AUTEN Gecsewe reratere exe vele, o7ere is teases 39.57 34.78 19.58 
RErriGrOsMl Grete. syle aabecycetsrene Sires Papen 1.80 5.86 
ENING ccsiteele 2 «Sate aa beset re 638 2.62 
Maeuesier cepacaies esas acter Saw Al 2.30 
POtash conaoccun alice tn ist cRanereree ta erie! Al eps 
RS OSLO civctete tects, aiars ausraraveusisnn, Moy renee 2.48 
Sulphur trioxide:..c.4..e0ees0 Sraiets ecto .23 
WHOL cls eicts sraroie sistas as arrears 13.93 Bt 
Water, carbon dioxide, etc. .... aro eerste 5.00 


Tt will be seen that the brick clay contains some of the 
elements which are essential as plant food. Such a clay repre- 


sents the soil of many districts. 


The relation between slate and clay is described on page 10. 
Shale is a laminated clay, less compact than slate, and more 


, 
; 


or less friable. 
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3. Calcareous Rocks.—The important and wide-spread 
group of rocks known as limestones come under this heading. 
Typically they are composed of calcium carbonate, in the form 
of calcite, but they show great variety in chemical composition, 


Fie. 73. 


Concretion, resembling the trunk of a tree, in sandstone quarry on the Rideau 
Canal, near Kingston Mills, Ont. (Dr. H. M. Amt, G.S.C.] 
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Frequently, the element calcium is replaced to a greater or 
less extent by magnesium. The term magnesian is applied 
to limestones which contain a few per cent. of magnesium 
carbonate, while if fifteen or twenty per cent. of this compound 
is present the rock is called a dolomitic limestone. 

Most limestones are of organic origin and have been formed, 
as already shown, by the accumulation of the calcareous shells 
or other hard parts of animals. This accumulation has 
generally taken place beneath the waters of the sea. Hence 
most limestones are said to be of marine origin. The groups 
of animals which give rise to these deposits are chiefly the 
corals and mollusca. Deposits of similar origin, but smaller 
in size, are also formed in fresh water. These are represented 
by many of the marl or clayey limestone deposits, found in 
the basins of small lakes and swamps, which are extensively 
employed in the manufacture of Portland cement. Some 
limestones are formed, however, by the precipitation of 
calcium carbonate from solution in water. 

Limestones are great store houses for fossils (Figs. 10, 74). 
The remains of corals at times are found to have had the 
calcium carbonate replaced by silica, and hence.are said to be 
silicified. The great majority of the calcareous remains, of 
which many limestones were originally composed, have been 
broken up through pressure and the solvent action of water. 
Wave action has broken down coral reefs, and the deposition 
of the material produced has given rise to limestones which 
show little evidence of their origin. Coral reefs have, how- 
ever, been detected in some ancient limestone formations. 

The carbonate present in limestones has originally been 
essentially that of calcium. Since many limestones, as we 
now find them, contain a considerable amount of magnesium 
carbonate, it has been suggested that the calcium has been 
replaced by the action of magnesium chloride, which is present 
in appreciable amounts in sea water. 
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The following table shows the percentage composition of 
two limestones, similar in appearance, which were submitted 


to analysis :— 


No. 1, Vo. 2. 
Lime. . ne 30.84 Sere 54.06 
Magnesia...... Als fo Rae .00. 
Carbon dioxide. 47.40 wees 42.90 


The impurities present in each case are chiefly small quan- 


tities of silica, ferrie oxide and alumina. 


= Fag ae VEPs 


io Me 


Limestone containing shells. Cape Smyth, Manitoulin Island, Lake Huron. 
(Dr. H. M. Amt, G.S.C.] 


The uses to which limestones are put are much more 
numerous than are those of any other rock. Limestone or 
some of its products are made use of in every neighborhood 
and in almost every household. The following are among a 
few of the more important uses of the rock —manufacture of 
lime, as a flux in smelting ores, stone for building, manufac- 
ture of Portland cement, natural rock cement. Very fine 
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grained, pure limestones of even texture are of great import- 
ance in lithography. Some of the common uses of lime are; 
in mortar, as a disinfectant, white-wash, in agriculture, and in 
beet-root sugar manufacture. 

Limestones of special composition are required for certain 
purposes. Tor example, in the manufacture of Portland 
cement, the rock should not have more than two or three per 
cent. of magnesia, Similar rock is required for calcium car- 
bide. On the other hand, in the preparation of wood pulp by 
what is known as the sulphite process, a rock as high in 
magnesia as is obtainable is desirable. 

Limestones vary as greatly in structure as in chemical 
composition. The more characteristic kinds occur in compact 
and well defined beds of varying thickness (Fig. 83). Others 
are found which show all degrees of compactness down to the 
friable, weakly coherent variety which is in common use, and is 
known as chalk. Marl, or bog lime as it is sometimes called, 
is still less compact than chalk. The colors of limestones are 
also variable, but are usually some shade of gray, being at times 
almost black. 

Limestones frequently exhibit the effects of the solvent 
action of water as shown in caves, often of immense size, and 
in the appearance of surface outcrops (Fig. 16). 

When ordinary limestones are subjected to pressure and heat 
in the earth’s crust they are changed to crystalline limestone, 
certain varieties of which take a good polish and are used for 
decorative purposes, being known as marble (Fig. 87). In the 
process of change the impurities, such as silica and clay, in or- 
dinary limestone, form new combinations and give rise to min- 
erals. One of the most common of these, in crystalline limestone, 
is the silicate of calcium and magnesium, known as tremolite, a 
white amphibole. It may be added that crystalline limestones 
are, at times, for instance in parts of eastern Ontario and 
northern New York, veritable storehouses for minerals, and 
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are much sought after by collectors. Among the minerals, 
some of which frequently occur in well formed crystals, that 
are commonly found in these rocks may be mentioned amphi- 
bole, apatite, calcite, chlorite, corundum, dolomite, feldspar, 
galena, garnet, graphite, mica, molybdenite, pyrite, pyroxene, 


quartz, serpentine, sphalerite, tale. 


Rocks of Organic Origin. 


In addition to limestones there are a few other rocks, 
not calcareous, which have an organic origin and occur at 
times in large masses in the earth’s crust. The most 
prominent of these are coal beds. On a preceding page we 
have shown that coal cannot properly be called a mineral. 
Coal beds can, however, be classed as rocks of organic origin. 

Infusorial earth, or tripolite, a substance which is in common 
use as a polishing powder, can also be placed in the class of 
organically formed rocks. It forms beds, similar in appear- 
ance to marl or chalk, which are made up of the silicious 
shells or frustules of minute organisms known as diatoms. 

From the remains of animals they contain, many phosphatic 
rocks are seen to be of organic origin, 

Certain large deposits of iron ore, especially limonite, are 
formed indirectly through organic agencies. Decomposing 
vegetable-remains give off carbon dioxide and other com- 
pounds, which, with water, dissolve iron out of rocks of 
various kinds, through which it is scattered in small 
quantities. These iron salts are carried in solution by 
streams and rivers, or by underground waters, to places 
where the conditions for the precipitation of the iron are 
suitable. For example, the waters working over the southern 
face of the Laurentide hills, in the province of Quebec, 
dissolve iron out of the rocks, by means of decomposing 
vegetable and other matter. This iron is carried southward 


by the streams till a lake or pond is reached. Here, the 
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movement of the water being checked, the soluble iron 
compounds are oxidized by the air and precipitation of 
limonite takes place. Such deposits are usually classed as 
organically formed rocks. Precipitation of ivon is sometimes 


aided by organisms, such as algae. 


Chemically Formed Rocks. 


Other substances, such as sodium chloride or common salt, 
calcium sulphate or gypsum, and silica, occur in considerable 
quantities in solution in some waters, from which they are 
deposited by direct precipitation. On account of the fact that 
these substances are precipitated directly from water, and form 
large masses, they are classed as chemically formed rocks. 

The waters of the oceans and seas have undoubtedly 
always contained salt and gypsum in solution, and new 
supplies of these substances are constantly being carried 
seawards by streams and rivers. Salt is found in small 
quantities in most rocks. Eyen in those of the igneous class 
it is frequently seen in small crystals when the rocks are 
examined microscopically. On the decay of the rocks it goes 
into solution and most of it finally reaches the ocean. Iron 
pyrites, and other minerals decomposing, give rise to sulphur 
compounds which react on limestones and other calcareous 
materials to form gypsum, which is also carried off by water, 
although it is much less soluble than salt. By the formation 
of barriers, through the oscillations which take place in the 
crust of the earth, or from other causes, arms of the sea are 
cut off from the main body, and, the water gradually 
evaporating, gypsum and the less soluble substances are 
first deposited, and then salt and the more soluble materials. 
Streams and rivers also carry these substances in solution into 
lakes, especially those which have no outlets, in arid regions, 
thus causing in time the formation of concentrated solutions, 
from which gypsum and other minerals are precipitated. 
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Many hot springs, such as those in the Yellowstone 
national park, contain much silica in solution, which, as 
the temperature and pressure are lowered, is precipitated, and 
deposited at the surface. Such deposits consist of amorphous 
silica, which is frequently called sinter, Chert, flint and 


chaleedony are of similar composition and origin. 


C.—METAMORPHIC ROCKS. 

For our purpose it is not necessary to add to what has been 
said on pages 21 and 121, concerning the third great class, 
known as that of the metamorphic rocks. 

ROCK STRUCTURES. 

Under this heading we shall briefly describe the forms 
which are commonly met with in the field and which are most 
frequently referred to in geological literature. 

The illustrations, figs. 75 to 87, represent some of the chief 


structures found among rocks. 


Fic. 75. 


Dikes of granite in crystalline limestone. Chandos Township, Peterborough County, 
Ont. Before the intrusion of the granite there was movement in the walls of 
one of the cracks, as the two parts of the dike running from right to left do 
not join. [Dr. A. E, Bartow, G.8.C.) 
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The forms assumed by those of the igneous class are 
numerous and depend on the character of the openings made 


in the earth’s crust chiefly 


through the disturbances to 
which it is subjected. If 
molten material pours into 
a erack or fissure and cools 
there, the resulting igneous 
mass is known as a dike 
(Figs. 63, 75, 76). Fre- 


quently igneous material 


spreads out between the 
Fia. 76. beds of fragmental rocks 


Narrow dike of corundum-bearing syenite in and on cooling forms a 
gneiss. Township of Carlow, Hastings sill. 


i At times the strata are 
County, Ont. 


arched above the igneous 
intrusion, the latter being more or less dome-shaped 
and known as a laccolite. Molten matter which issues 
from a vent in the crust and spreads over the surface 
is known as a lava flow. The columnar structure, which is 
commonly seen in basalt flows, is shown in fig. 68. The 
columns are perpendicular to the cooling surfaces. Columns are 
at times developed in trap dikes. In this case they extend 
from wall to wall of the fissure. Small cavities are frequently 
found on the surface of flows. They are formed hy the 
expansion of gases in the molten mass, and produce the 
amygdaloidal texture referred to on a preceding page (Fig. 67). 
The igneous matter which consolidates in the orifice of a 
voleano is called a neck. Frequently granite and other 
igneous masses are exposed at the surface in a roughly rounded 
form which, if of comparatively small size, is known as a boss. 
If such an exposure occupies a considerable extent of territory 
and extends to unknown depths in the earth, it is called a 
batholith. 
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Stratification. 

Characteristic structures are also found among the frag- 
mental and schistose rocks. Some of these, such as bedding 
or stratification, which have already been described, depend 
on the mode of formation, while others are secondary and are 
due to the shrinkage of the earth’s crust through loss of heat, 
and are chiefly connected with folding and fracturing. 


Anticline and Syncline. 

Bedding or stratification is the structure most characteristic 
of the aqueous or fragmental rocks (Figs. 72, 81, 83). We have 
seen that it is due to the fact that 
the materials of which these rocks 


are composed have been deposited 


and sorted by water. Under 9 3 ALLELE SZ 
mal Fivons the beds coctpy SSS ee 
normal conditions the beds occupy SSSSessesSaex 
a horizontal position, When mate- Fie. 77. 
rial is deposited in the presence of Current bedding. 
strong currents or eddies, the structure produced is usually 
something like that represented in fig. 77, and is known as false 
or current bedding. Various degrees of folding in beds are 
seen (Figs. 78, 79). The folds may be gentle. or the bending 


Kia, 78.—A, Anticline; 9, Syncline; #, Eroded Anticline. 


. 


may be so intense that the strata are squeezed sharply together 
and broken across the folds. The ridge-like forms, A, in the 
folds are known as anticlines or anticlinal folds; while the 
ditch-like depressions, 8, are called synclines or synclinal folds. 
When the surfaces of folds are eroded or worn down the 
resulting outcrops are, at times, difficult to understand. This 


will be seen from a study of figs. 64, 78, 79. 
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Fig. 79. 


Anticline in gneissoid rocks, Township of Lutterworth, Haliburton district, Ont. 
[Dr. A. E. Bartow, G.S.0.] 
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Faults. 


Fracturing of rocks accompanies intense folding, and at 


times fracturing takes place witl 
formed, and, as we have seen, these 
are in course of time frequently 
filled, either with mineral matter 
deposited from solution in water, 
or by molten matter which cools 
and consolidates. On the one 
hand, mineral veins are formed, 
and on the other, dikes (Figs. 15, 
75,76). Whena rock is fractured, 
there is often a movement of the 
walls of a fissure so that they no 
one side sometimes slips down or 
(Figs. 75, 80). Such structures 


1out folding. Fissures are 


Kia. 80. 


Faulted Beds. 


longer match ; the part on 
is pushed above the other 
are known as faults. In 


Fig. 81.—Beds of shale which dip at an angle of about 45° from the horizontal. Arisaig 


coast, Antigonish County, Nova Scotia. 


[Dr. H. M. Amt, G.S.C.] 
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fig. 80, the mass of rock on the upper side, or hanging wall, 
as it is called, of the crack has slipped down. This is the 


most common kind of faulting, and the structure is known 


( 
as a normal fault. If the reverse has taken place, the 
part of the beds on the hanging-wall side has been pushed 
above that on the lower, or what is known as the foot-wall 
side. Such a structure is called a reversed fault. It is readily 


seen that a vein occupying a crack or fissure along a line of 


Fig. 82.—Gneissic strata dipping away from a shore. The line of strike is approxi- 
mately parallel with the shore. Brennan’s Creek, near Old Killaloe, Ont. 
(Dr. A, E, Bartow, G.S.C.] 


faulting is likely to vary in width. In the parts where the 
walls come together the vein is said to “pinch.” Faults are 
common in veins and in coal beds. 


Dip and Strike. 
The angle which beds of rock make with a horizontal 


plane is known as the angle of dip (Figs. 81, 82). If the 
beds are in a vertical position, for instance, they are said to 
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have a dip of 90°. The beds on the two sides or legs of an 
anticlinal fold dip away from each other, while in a syncline 
they dip towards the same line (Figs. 78, 79), The term 
“strike” is applied to the direction which would be followed 
by the out-cropping edges of strata on a horizontal plane. 
The line of strike is always at right angles to the line of 
dip. In order to see whether he thoroughly understands 
the terms ‘‘dip” and “strike,” the reader should experiment 
with a book. Hold it so that its back rests on the table, 
and have a compass at hand. In the position you have 
the book, what is the direction followed by a line parallel 
with the front edges of the leaves of the book? This cor- 
responds to the strike of the upturned edges of beds of 
rock. A line drawn at right angles to this across the face 
of the book is the line of dip. Or the dip is the direction 
in which water would flow down the face of an inclined 
stratum. Try to place the book in such a position that 
it will represent an inclined bed of rock whose strike is 
north and south, and dip 45° to the west. Figs. 81, 82 illustrate 
the terms ‘‘dip” and “strike.” In speaking of directions, 
contractions are used. The initials N. or 8., for north and 
south respectively, are always given first. These are followed 
by the number of degrees, and by the initials E. or W., for 
east and west. For example, if the strike of certain beds is 
twenty degrees west of north, the direction is written thus :— 
N. 20° W.; and if ten degrees south of east, it would be 
written 8. 80° E. Only the angle and general direction of the 
dip need to be recorded if the strike is given, since the dip is 
at right angles to the strike. Thus, if the strike of the beds 
is 8. 80° E., and they dip 15° in a direction 8. 10° W., this 
would be stated as strike 8. 80° E., dip 15° 8. 


Joints. 
All rocks are traversed by divisional planes, or cracks 


called joints. In sandstones, limestones, and other aqueous 
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rocks, there are usually two sets of joints, which sometimes 
cross at nearly right angles, and which are often highly 
inclined to the bedding planes. These rocks are thus divided 
into blocks of various sizes, the beds forming a third set of 
parting surfaces. The character of rock scenery depends on 
jointing to a considerable extent. This is illustrated by 
fig. 83, which shows cliffs of limestone fashioned by jointing. 


Fig. 83. 


Approximately rectangular jointing in beds of horizontally-lying limestone. Queen’s 
wharf, Ottawa, Ont. [Dr. H. M. Amt, G.S.C.] 


In quarrying, joints facilitate operations, the rocks separating 
along the cracks (Figs. 83, 84). Joints are probably due, in 
most cases, to contraction in rock masses. In aqueous rocks 
this is brought about by drying, while in those of the igneous 
class the rocks shrink on cooling. The blocks formed by joints 
in granite and other igneous rocks are not usually so regular 
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in form as are those in rocks of the aqueous class. There are 
frequently three systems of joints in igneous rocks, 

Slates, which are, as we have seen, metamorphosed clay, 
separate readily into thin layers, which furnish the material 
commonly used for roofing purposes. This character of these 
rocks is known as slaty cleavage. Cleavage is independent of 
the original bedding, the slate frequently splitting along 


Fic, 84,—Jointing in granite. Barriefield quarry, Kingston, Ont. 
@ (Dr. H. M. Amt, G.S.C.] 


planes which are, at times, almost at right angles to the beds. 
. This is well brought out in cases where the beds in a slate 
series are not all of one color. The cleavage structure is pro- 
duced by pressure, and the plane along which slates split is 
at right angles to the line along which pressure has been 


developed. 
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AGE OF ROCKS. 


In undisturbed aqueous rocks the uppermost beds are, of 
course, the youngest. Where there is evidence of wncon- 
JSormity, shown by the upper 
surface of the lower series 
having been eroded, there 
has been in many cases a 
great lapse of time between 
the deposition of two series 
whose beds are parallel. If 
the beds of an overlying 
series are inclined at a 
different angle to that of 


Fia. 85. 


an underlying series, we 
Unconformity. Horizontal beds resting on 5 ie 2 os - 
highly-inclined beds. also have evidence of differ- 

ence in age between the 

two (Fig. 85). In much disturbed regions older beds are 


sometimes found over-lying younger ones. 


a 


a, Horizontal beds lying on eroded surface of massive granite; the beds are there- 
fore younger than the granite. There is a great difference in age between the 
two series. 

b, Granite cutting or intruding disturbed beds; the granite is therefore younger 
than the beds. 


Tf a dike cuts through or intrudes a series of beds, the dike 
rock is shown to be younger than that of the beds (Fig. 87). 
Similarly, if an igneous mass is intruded by a dike, the rock 
of the latter is the younger of the two. Frequently after 
dikes or veins have been formed fissuring takes place, and 


other dikes or veins cut across the previously formed ones 
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(Fig. 92). While it is not always possible to determine the 
relative ages of igneous or metamorphic rocks in several 
isolated outcrops in a district, the ages of such outcrops of 
aqueous rocks can in most cases be learned, ‘This is owing to 
the fact that nearly all fragmental beds contain characteristic 
fossils which, to on versed in paleontology (the study of 
ancient life-forms), are almost as useful as numbered labels on 
each bed would be in determining the relative ages of the beds. 


Fig. 87. 


Basic dike cutting contorted beds of crystalline limestone, Township of Methuen, 
Peterborough County, Ont. [Dr. A. E. Bartow, G.S.C.] 


The paleontologist needs to have a knowledge of the various 
classes of plants and animals, which is only possible to one 
with a training in botany and zoology. For this reason and 
on account of the fact that our space is limited, we shall not 
attempt to give more than a brief outline of the use which is 
made of fossils in determining the ages of the aqueous rocks. 
It has been proved by a study of these rocks in many parts of 
the world that the oldest of them contain fossils which repre- 


sent lowly organized plants and animals. As we ascend in 
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the scale from the older to the newer, the entombed 
remains represent, successively, more highly organized 
forms, the more recent containing remains similar to those 
of living forms. 

On no part of the surface of the earth is there an 
exposure of strata which embraces aqueous rocks of all 
ages. In most districts representatives of only a few 
ages of this class are found. At times, for instance, 
we find only those of older age. In other cases we 
find rocks of the middle age of the earth’s history only, 
and so on (Fig. 86a). By adding together the different 
sections of various outcrops over the land surface we 


come to have a fairly complete geological scale. 


AGE DIVISIONS 


The oldest rocks belong to the crystalline series, and 
embrace representatives of both the igneous and the meta- 
morphic classes. Since the oldest fossiliferous rocks which 
rest on these are known as the Cambrian (so named from 
Cambria, an ancient name for Wales, where rocks of this class 
were first studied), this old crystalline series is called the 


pre-Cambrian. 
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PRE-CAMBRIAN, 

The pre-Cambrian rocks have been variously subdivided. 
The names, which are given to the subdivisions in Ontario by 
the Ontario Department of Mines, are in descending order, 
from the younger to the older, as follows:— 

Pre-Cambrian.* 


KEWEENAWAN 
Nipissing diabase, &c. 


ANIMIKEAN 
Cobalt series,—conglomerate, &e. 


GREAT UNCONFORMITY 


MATACHEWAN 
Diabase, &c. 


Upper 


ALGOMAN 
Lorrain granite. 
HAILEYBURIAN 
Lamprophyre, diabase, &c. 


Middle 


TIMISKAMIAN 
Conglomerate, &c. 


GREAT UNCONFORMITY 
LAURENTIAN 


Represented by granite pebbles in 
Timiskamian conglomerate. 

LOGANIAN t 
Grenville—iron formation, &c., in minor 
quantity, elsewhere much crystalline 
limestone, &e. 
Keewatin—Basic lavas, &c. 


The names of these subdivisions have been derived, like Cam- 
brian, from localities in which the rocks were first studied. 
Keewatin is a place name in northwestern Ontario and Gren- 
ville a place name in Quebec. Laurentian comes from the 
Laurentide hills to the north of the St. Lawrence river. Tim- 
iskamian is derived from Lake Timiskaming, Haileyburian from 
the town of Haileybury, Algoman from the district of Algoma, 
Matachewan from a place name in northern Ontario, while 
Animikean is from the Indian name for thunder as these rocks 
are particularly well developed near Thunder Bay. Kewee- 
nawan is derived from Keweenaw Point in Michigan. 

The Keewatin, the oldest of the series, is what has been 
called an igneous complex, consisting largely of lava flows. 
Upon the Keewatin were deposited a series of chemical sedi- 
ments consisting of limestone and iron formation which are 


Lower 4 


*The name Archean is sometimes used in place of pre-Cambrian, 
tNamed after Sir William Logan, father of pre-Cambrian geology. 
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known as the Grenville. After these rocks had been much 
disturbed and folded, they were intruded by granite and 
granitoid-gneiss, to which the name Laurentian is applied. 
After the intrusion of these granites and gneisses into the 
Keewatin and Grenville, erosion took place, and the surface 
was worn into hills and valleys, much like those which may 
now be seen in more rocky and barren districts. This period 
of erosion was of long duration and represents a great inter- 
val of time whose length cannot be approximately estimated. 

On this eroded surface of the Keewatin, Grenville and 
Laurentian was deposited a series of fragmental rocks which 
are known under the name of Timiskamian or Lower Huro- 
nian. These rocks aremade up of water-worn fragments of 
the Keewatin, Grenville and Laurentian series, together with, 
in some localities, voleanic fragmental material. They are 
also frequently found to have been intruded by dikes and 
masses of igneous material, Originally, the Timiskamian 
undoubtedly consisted largely of gravel, sand, and clay. 
These materials have since been subjected to great pressure 
and heat, and are now compact conglomerates, quartzites 
and slates. The beds dip at steep angles. If life existed at 
this period of the earth’s history, all direct evidence of it has 
been lost. Few if any fossils are preserved under the con- 
ditions to which the Timiskamian rocks have been subjected. 

The Timiskamian was followed by three periods of igneous 
activity, first the Haileyburian which consisted of basic rocks 
associated with ores, second the Algoman which consists 
principally of granite, and third the Matachewan which 
consists of diabase dikes. ‘These were no doubt accompanied 
by a certain amount of fragmental material and were formerly 
grouped in part as Middle Huronian. 

The Animikean, or Upper Huronian, lies unconformably on 
the earlier rocks. In the Lake Superior region it consists of 
slates and other fragmental rocks resting more or less horizon- 
tally. The Cobalt series consisting mainly of gently-dipping 
beds of conglomerate and greywacke is to be referred to the 
Animikean. The unconformity, or time break, at the base of 
the Animikean is very great, comparable with that at the 
base of the Timiskamian. 
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There was a lapse of time between the formation of the Ani- 
mikie series and the overlying Keweenawan. ‘This is shown 
by the erosion to which the Animikie rocks have been sub- 
jected prior to the deposition of the Keweenawan sediments, 
and the less amount of disturbance which the latter show. 

There is a great development of conglomerates and sand- 
stones in the Keweenawan. During this period there were 
also great eruptions of trap and diabase, the latter commonly 
called Nipissing diabase. This trap now presents some striking 
features in the topography of the shores of Lake Superior. 

In the study of the pre-Cambrian, on account of the rocks 
not containing fossils and being much disturbed, difficulties 
are met with which are not encountered ordinarily in the post- 
Cambrian formations. It is hoped, however, that the pre- 
ceding brief description of the characters and relationship of 
these rocks will not be found too perplexing by the reader. 


Economic Importance of Pre-Cambrian. 

The pre-Cambrian system in the Lakes Huron and Superior 
region, at least, is of far greater economic importance than the 
more recent formations. In this region these rocks outcrop 
over a vast territory. In the Keweenawan are found the great 
native copper deposits of the state of Michigan. In the Upper 
Huronian or Animikie are the unrivalled iron deposits, soft 
hematite, of the Mesabi range of Minnesota, and the silver de- 
posits of Thunder Bay and Cobalt, Ontario. The iron deposits 
of the Vermilion range of Minnesota, and similar deposits else- 
where in the region, occur in Keewatin or Grenville rocks. The 
greatest nickel deposits known, those of Sudbury, Ontario, the 
gold deposits of the Porcupine and Kirkland Lake regions of On- 
tario, and the copper deposits of Rouyn, Quebec, and the Flin 
Flon mine in Northern Manitoba are all in the pre-Cambrian. 
Tt will thus be seen that an acquaintance with the pre-Cambrian 
system is incumbent on any one who desires a knowledge of 
general geology. Possessing a knowledge of the system in the 
region referred to, one will be prepared to do something towards 
unravelling the intricacies of similar systems with which he 
may be brought into contact in other parts of the world. 


AREAS 


EES 


Map of the pre-Cambrian Areas of North America (W, G. M., 1910) showing the 
vast area of ground favourable for prospecting for metalliferous deposits in the 
pre-Cambrian Shield of Canada, 
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CAMBRIAN AND POST-CAMBRIAN TIME. 


The relative ages of the pre-Cambrian rocks are determined, 
as we have seen, by means of their structural relations. The 
ages of the Cambrian and later sedimentary formations can 
usually be learned from their fossil contents. These formations 
are conveniently divided into three great groups. The fossils 
in the oldest of these represent more lowly organized plants 
and animals than do those of the more recent. More and 
more highly organized forms are found as we pass upwards 


from the oldest to the youngest. 


The following table shows the names which are given to 
these three groups, the pre-Cambrian forming a fourth, in 
descending order from the youngest to the oldest, together 
with the chief subdivisions which are made in each, more 
especially in the north central part, or the region in the 
vicinity of the Great Lakes of North America. The reader 
will see that, counting the Eozoic, the eras are divided broadly 
into seven ages, depending on the character of the life in each, 

Human history is divided into various periods and ages. 
Thus we speak of the age of Greece and of the Elizabethan 
epoch. Similarly in geological history there are the divisions 
which are shown in the table on the following page. These 
are given various names by different authors, but we shall 
speak of the grander ones, those in the column to the left, as 
eras or groups. Those in the next column to the right may 
be called periods or systems, and those in the third column 
epochs or formations. | We have thus, for example, the Pale- 
ozoic era, the Devonian period, and the Corniferous epoch. 
Or we speak of these divisions in a more general way, as 
rock subdivisions, as group, system and formation respectively. 

The groups are given specific names according to the 
character of the life which existed during the various eras. 
The lower division of the pre-Cambrian is known as the Azoic 


ERA OR GROUP 


PERIOD OR SYSTEM 


Epoch oR FoRMATION 


s Recent = Bedded clays, sand, sand dunes, 
rl d i t ote. 
QUATERNARY 4 marl deposits, peat bogs ote 
g GuactaL = Boulder clay, moraines, ete. 
CENOZOIC | Pliocene 
ead Miocene 
TERTIARY oH] Oligocene 
8! Kocene 
=| Palaeocene 
msozoro | (rete 
Fi I yr 8 raat 
or SECONDARY 43 Myiaesic 
Age of Am Permian 
phibians Carboniferous Coal measures, etc. 
ae Portage-Chemung (= 
2 Port Lambton) 
2 ‘ Genesee = Huron 
fy 2 : 
% Devonian Hamilton 
Ps Delaware 
= Onondaga 
Oriskany 
Akron 
PALEOZOIC Cayugan { Berti 
Salina 
OR | Silurian Guelph 
PRIMARY g Niagara 4 Lockport 
& Rochester 
£ Clinton 
£ Medina 
a Cataract 
S Richmond 
bp Dundas 
4 : Utica 
Ordovician Trenton 
Black River 
Chazy 
Beekmantown 
Cambrian Potsdam 
@| Keweenawan 
4] Animikean 
EOZOIC | Matachewan 
e Algoman ; 
&| Haileyburian 
PRE-CAMBRIAN Timiskamian 
B LAURENTIAN = Granite and Granitoid-Gneiss 
co . . . 
AZOIC etic] LoganiAn = Grenville, crystalline limestone, 
Ee etc.; Keewatin, basic lavas. 


Norte: The divisions of the Pre-Cambrian and the Paleozoic to the top of the 
Devonian are those in use by the Ontario Department of Mines. 
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era, owing to the belief that the earth did not support life at 
the time these lower rocks were formed. ozoie (dawn of 
life) indicates that it is believed life began at the time the 
rocks, to which this name is applied, were being formed. The 
terms Paleozoic (ancient life), Mesozoic (middle life), and 
Cenozoic (recent life), are self-explanatory. The fossils found 
in the great groups of rocks to which these names are given 
are characteristic. While many animals and plants have 
become extinct since the beginning of the Cenozoic, they do 
not show such great differences from those now in existence 
as do the remains found in the Mesozoic. Paleozoic fossils 
prove that the life of that era was vastly more different from 
existing forms than are those of the Mesozoic. In the earlier 
part of the Paleozoic, for instance, all plants were lowly 
organized and were not represented by land forms, while there 
were no vertebrate animals then in existence. The animals 
belonged wholly to what are known as the invertebrates, or 
those without back-bones. The great group of animals, 
known as mammals, appeared first in the Mesozoic but 
belonged to the more lowly organized forms, very few of 
which are now in existence. The characteristic animals of 
the Mesozoic were the reptiles which existed in great numbers 
and many of them were of gigantic size. In the Cenozoic, 
mammals, the highest group of animals, became predominant, 
and reptiles then played but a subordinate part in nature. 


Among plants there have been similar stages of development. 


Periods. 
The divisions, or periods, in pre-Cambrian time have been 
explained on a preceding page. 
We shall now briefly explain the origin of the names which 
are given to post-Cambrian periods, or those divisions in the 


second vertical column in the table. 
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It is found that certain divisions can be made in the three 
post-Cambrian groups, which serve a useful purpose in descrip- 
tion and for comparison. In some cases these divisions are 
made owing to unconformities among the rocks or to distinct 
changes in the fossils between a lower and an upper set of beds. 
It is not possible, however, to make hard and fast lines in all 
cases. In some parts of the world there is little, if any, uncon- 
formity between the great groups themselves. The Paleozoic 
may pass almost imperceptibly into the Mesozoic, but in North 
America there is a distinct break between them. We may 
compare the groups to chapters, the systems to sections, the 
formations to pages, and the whole may be called the “great 
stone book.” Frequently pages or sections are absent, while in 
other cases the record for a considerable period of time is 
complete. 

Systems AND FORMATIONS. 

Owing to the fact that Cambrian, Ordovician and Silurian 
rocks were first studied in Wales, the names given to them 
are appropriate, as has already been explained in the case of 
the first name. The Ordovices and Silures were tribes which 
inhabited part of the ancient kingdom. Rocks of the Devo- 
nian age are found in Devonshire, and were first correctly 
described there; hence the name. In the Carboniferous, the 
great coal fields of Britain, eastern United States, and the 
maritime provinces of Canada are found. The name is hence 
appropriate. Permian is derived from Perm, a province in 
Russia; and the name Triassic refers to the three-fold division 
of the first rocks of this period that were studied. Jurassic 
is derived from Jura, the mountains of that name showing 
developments of these rocks. Cretaceous refers to the fact 
that the rocks to which this name was originally given were 
composed of chalk (creta) or limestone. Eocene is the begin- 
ning of the newer period; Miocene, middle; and Pliocene, 
later period. Palwocene is introduced to indicate a period 
older than the Eocene, while Oligocene covers a group con- 
taining a few fossils which still have living representatives. 
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The names of the epochs or formations shown in the table 
originate chiefly from place names in New York state, where 
these rocks were first studied in North America. Similar for- 
mations occur in the province of Ontario and in other parts of 
eastern America, and these names have been applied to them. 
The formations of the Triassic and upper series to the end of 
the Tertiary are not named in the table, as they are of less 
importance in most parts of North America than those given. 

Some authors place the Potsdam formation in the Ordovi- 
cian, ‘The name is derived from a place in New York state. 
The name Beekmantown refers to the locality where it was 
first. studied. 

The rocks in these formations are essentially as follows:— 

The Potsdam is sandstone, either reddish or white in color, 
ora conglomerate; the Beekmantown, Chazy, Black River, and 
Trenton are chiefly limestones; the Utica is composed of 
shales which are often bituminous; the Dundas and Rich- 
mond also contain considerable shale and more or less impure 
limestone; the Cataract is largely dolomite limestone; the 
Medina is largely sandstone which is used for building pur- 
poses in many districts, the chief public buildings in Toronto 
being composed of this stone; the Clinton, Niagara and Cay- 
ugan are essentially limestones, those of different formations 
containing variable amounts of magnesia and lime; the Oris- 
kany is a sandstone formation, while the Onondaga and Dela- 
ware contain some very pure limestones associated with others 
which carry flint nodules and shales; the Hamilton and 
Genesee are predominantly shale formations but there are 
certain pure limestone beds; the Portage-Chemung shows 
typical shales and argillaceous sandstones; the Coal measures 
and other divisions of the Carboniferous are of great economic 
importance. Interbedded with the coal are usually sandstones, 
shales, and other rocks, some of which represent the soil on 
which grew the plants that gave rise to the coal. 

The distribution of these formations of the Ordovician, Si- 
lurian and Devonian systems immediately north of Lakes On- 
tario and Krie are shown on the map (Fig. 88). These banded 
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outcrops stretch southward from the Great Lakes and forma 
similar assemblage in New York state and elsewhere. Of 
course, it is not intended to give the impression that these 
rocks outcrop so perfectly at the surface, as the map shows. 
In many cases they are completely hidden over large areas by 
a mantle of loose material consisting of clay, sand, and so on, 
of glacial or recent age. 


On a preceding page we have said something concerning the 
character of a few fossils. We shall now refer to a few of the 


life-forms of the different systems. 


Life.—The life of the Cambrian, judging from the fossils 
contained in these rocks, although it consisted only of inver 
tebrate animals and marine plants, showed considerable 
development. We are led to the conclusion that life was in 
existence during what we have shown in the table as the 
Kozoic era. The class of trilobites (Fig. 14), for example, in 
the oldest of the Cambrian rocks are found to be highly 
organized, and, although this group of animals died out about 
the beginning of the Carboniferous period, the later forms did 
not show much greater specialization than did the oldest ones of 
the Cambrian. Similar conclusions are to be drawn from the 
character of the fossil brachiopods and other mollusca which 
were found in the Cambrian (pages 222-7). Some of these 
were about as highly specialized as their more modern repre- 


sentatives. The plant-remains found in the Cambrian rocks 


are those of sea weeds or algae, and are sometimes called 


fucoids. Plant-remains being more delicate than those of the 


shell-bearing animals, especially, were not preserved in such 


great numbers. The rocks of the Cambrian contain fossils of 


other kinds, such as tracks and what have been taken for 


worm burrows. The most important animals of the period 


were the trilobites, the rulers during this time. 
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ORDOVICIAN, SILURIAN AND DEVONIAN. 


From the bottom of the Ordovician, an important de- 
velopment in the life of the period is seen. The dominant 


giant mollusea known as ortho- 


forms, during the period, were 
ceratites (page 226). These were straight-shell forms, which 
are represented in existing nature by the coiled nautilus. They 
had at times a length of several feet, but usually they were 
only a few inches in length. Their remains are sometimes 
taken for those of snakes or backbones of fishes. This group 
of mollusca, known as the cephalopods, to which the orthocera- 
tites belong, is one of the most interesting in connection with 
the succession of highly organized forms from those lower in 
the scale. Those in the Ordovician were typically straight- 
shelled. Gradually the forms became more and more coiled, 
and with more complicated chambers, until the ammonite of 
the Mesozoic (Fig. 14) and later forms such as the nautilus, 
were developed. 

The Ordovician and Silurian rocks contain a great variety 
of invertebrate animals, and are hence spoken of as the age of 
invertebrates. It is not necessary for our purpose to discuss 
the characteristic types. It may be said, however, that each 
of the formations in this period, in addition to its distinct 
lithological character, contains characteristic fossils. The 
strata of some formations are recognized, for instance, by 
characteristic trilobites, others by brachiopods, and so forth 
(pages 222-227). 

Towards the end of the Silurian period the great class of 
vertebrates, or back-boned animals, first made its appearance. 
The earliest animals of this class were the fishes, which are the 
most lowly organized among the vertebrates. These early fishes 
were rather remarkable forms. They were armoured types, 
being supplied with head-shields and protective plates in many 
cases. They must have contested for supremacy with the 
orthoceratites. Fishes did not become predominant, however, 
until Devonian times, which is often spoken of as the age of 
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fishes. During this period they were numerous, and presented 
a great variety of forms. Along with the changes which are 
shown to have taken place among the invertebrates, great 
progress is exhibited among the vertebrates from Devonian 
times onward. Older and more lowly forms in both the great 
divisions of the animal kingdom died out, and are succeeded 


by those better fitted for the changed conditions. 


CARBONIFEROUS AND LATER Prrtops. 
In the Carboniferous and Permian, the dominant type of 
vertebrates was the amphibians, which are represented by 
the frogs and toads of existing nature. These Carboniferous 


forms were, however, much larger than existing members of 


Vita. 89.—A flying reptile of the Jurassic period. (One-seventh natural size). 


the group. One of the most striking features of Carboniferous 
times is the vegetation. During Silurian and Devonian times 
land plants gradually developed, and during the Carboniferous 
there was a very luxuriant vegetation. The gigantic plants 
of this period do not belong to the most modern group of plants 
—that of the dicotyledons—which did not appear till later 
times. Reptiles begin to appear at the end of the Paleozoic, 
and become the dominant forms in the Mesozoic. They were 
represented by a great variety of forms, among which were 
some gigantic monsters. Reptiles of this pericd were repre- 
sented, not only by swimming and land forms, but by flying 
types as well (Fig. 89). This division of the vertebrates 
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reached its maximum during this era, and has gradually 
dwindled since that time. The first birds appear in the 
Mesozoic, and are related to the reptiles, as the earliest types 
are toothed forms, showing reptilian characters, and differ much 
from modern representatives. The mammals, as previously 
stated, also appeared in the Mesozoic, but they did not make 
much progress during the era. They were represented by the 
most lowly organized group of mammals, known as the mar- 
supials, which have living representatives only in Australia. 
During the Tertiary, the mammals reached great development, 
and became the dominant types. Plants also made great 
progress during the Mesozoic and Tertiary times, many fossil 
forms resembling those now in existence. The mammals of 
the Tertiary differ from those in existing nature chiefly in 
their gigantic size. They were represented, for instance, by 


the recently extinct mammoth and mastodon. 


The remains of certain groups of mammals found in these 
rocks throw interesting light on the succession of types. 
For instance, remains have been found which show that the 
first representative of the horse family had five toes. In the 
lower part of the Eocene, the remains of an animal known as 
the eohippus (dawn horse) have been found. This animal 
had three toes on the hind foot, and four perfect toes on the 
fore-foot. On the latter foot there is also a rudimentary fifth 
toe. In the Middle Eocene is the orohippus, with three toes 
behind and four in front—the fifth or splint being dropped. 
In the Oligocene is the mesohippus, with three toes behind and 
in front, with the fourth toe of the orohippus retained as a 
useless splint. This is followed by the miohippus, more 
horse-like than the preceding, in which the rudimentary 
fourth splint is almost gone, and the middle toe or hoof has 
become larger, the two side toes being still serviceable. Then 
in the Upper Miocene and Lower Pliocene there is the 


protohippus or hipparion, in which every remnant of the 
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fourth splint is gone; the middle toe has become sti)l larger 
and the two side hoofs or toes are of little service. In the 
Pliocene came the pliohippus, which is almost a complete 
horse. It was an animal with one hoof on each foot but the 
splints, or remnants of the two side toes show its descent. 
In the Quaternary came the modern horse, eguus. The hoofs 
have become rounder, the splint bones shorter, and there are 
other changes. Instances are not rare where two, more 
or less functional, toes appear on the horse of to-day, the 
indication of a reversion to its ancestral type. 


It is not known definitely when man first appeared on the 
earth, His remains have been found with certainty only in 
recent or what are known as post-glacial deposits. He was 
probably in existence during glacial times, but we have little 
proof of this. We have now come, however, in our historical 
sketch to what is more properly archeology, which in turn 
passes into what is commonly called history. 


PAR oy 


ECONOMIC NOTES. 


Reference has been made on preceding pages to uses of 
various minerals and rocks. Since economie mineralogy and 
geology have a very important bearing on the social and 
industrial fabric, it will be well, in the closing pages of this 
book, to give a systematic but brief account of them. 

Minerals and rocks of economic importance can be divided 
into the following classes :— 

1. Metals and their ores. 
2. Grinding and polishing materials (abrasive materials), 
3. Materials used to withstand heat (refractory materials). 
4. Minerals used as pigments (paint materials). 
5. Minerals used for decorative purposes. 
6. Minerals use| in certain chemical manufactures. 
7. Minerals used in agriculture. 
8. Fuels and illuminating materials, 
9. Matcvials for brick, pottery, and glass. 
10. Stone and cement. 
11. Waters. 


12. Miscellaneous, e.g., rock salt, ete. 


1. The substances which come under the first of the above 
} classes have been described on preceding pages. An ore is 
any mineral or rock from which a metal is extracted in 
economic quantities. Limestone, feldspar and apatite, for 
example, although they all contain metals, are not classed as 
ores, since metals are not extracted from them. 
We have seen that several metals, notably gold, silver, plat- 


inum and copper, are found both in the free or native state 
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and in compounds. The compounds of gold are few in number 
and of rare occurrence, practically all of this metal being pro- 
duced from the native material. The same may be said of 
platinum. <A great part of the silver and copper of commerce, 
on the other hand, comes from compounds. Argentite is an 
important ore of the former, and chalcopyrite and malachite 
are ores of the latter. 

In the following list the chief ores of the more useful metals 
are given:— 


Gotp.—Native gold in placers and in quartz. Auriferous 
placers have been extensively worked in Australia, California, 
British Columbia, the Yukon Territory, and in Alaska. Gold 
quartz veins have been worked in Nova Scotia, Ontario, Brit- 
ish Columbia, and in many of the western United States. The 
metal is also obtained, as shown on a preceding page, from 
pyrrhotite-chaleopyrite deposits, and from other ores. 


Sirver.—Native silver, argentiferous galena and other ores. 
Argentiferous galena is worked in the western States and in 
British Columbia. Rich deposits of native silver—associated 
with smaltite, niccolite and other minerals have been mined 
at Cobalt, Gowganda and South Lorrain, Ontario. The metal 
is also produced from combination gold-silver, silver-copper, 
and gold-silver-copper ores. 


Pratinum.—Native platinum in placers. Platinum comes 
chiefly from the Ural Mountains. <A little is derived from 
the auriferous placers of western North America. The small 
production of the metal at the nickel mines of Sudbury, 
Ont., has been mentioned on a preceding page. 


Copprr.—Native copper, chalcopyrite, malachite and other 
ores. 

The great native copper mines of the world are those in the 
vicinity of Houghton, Michigan. Butte, Montana, produces 
sulphides and other ores of the metal. The third great copper 
district of North America is in Arizona, where malachite and 
other ores are worked. Rossland, and other localities in 
British Columbia, are producers of the metal along with gold. 
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At Sudbury, Ont., the ores carry values in nickel as well as 
in copper. At both Rossland and Sudbury the copper is 
extracted from chalcopyrite. Extensive deposits of chalcopyrite 
have been developed at Rouyn, Quebec, and in northern Mani- 
toba at the Flin Flon mine. 

Nicken,—Although there are several rich ores of nickel, 
such as niccolite, the supply of the metal comes essentially 
from two localities, Sudbury, Ont., and the island of New 
Caledonia in the southern Pacific. In the former locality the 
metal occurs in various compounds, associated in comparatively 
small amounts with pyrrhotite and chalcopyrite. In New 
Caledonia the ore is a hydrous silicate of nickel and magnesium 

Tron.—Hematite, magnetite, and limonite are the chief ores 
of this metal. Spathic iron or siderite, which is a carbonate 
of the metal, is also worked as an ore. 

The largest and most important iron deposits known are 
those of Minnesota and Michigan. The ore is hematite. 
Similar ore is mined near Michipicoten on the Canadian side of 
the lake. Large magnetite deposits occur west of Port Arthur, 
Ont., and to the north of Sudbury. Magnetite has also been 
worked in northern New York and in southeastern Ontario at 
a number of places. 

Leap.—Galena is the most important ore of this metal. 
Since the mineral is frequently argentiferous, much of the 
lead of commerce is produced in association with silver, as for 
example in British Columbia and Idaho. One of the great 
lead districts of the United States is in southeastern Missouri 
where galena is found in horizontally-lying limestone. The 
metal is found in economic quantities in several other states 
and territories. Lead is mined and smelted at Galetta, 
Ontario. The greatest deposit that is worked for lead in 
Canada is the Sullivan mine at Kimberley, British Columbia. 
Deposits have been worked on a small scale in Frontenac and 
Hastings counties, Ontario, and on the shore of Lake Temis- 
kaming, Quebec. 

Tin.—The ore of this metal is cassiterite. No successful tin 
mining has been carried on in North America, the commercial 
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supply of the metal coming chiefly from the Straits Settlement 
and from Cornwall, England, A small quantity of cassiterite 
is saved from the concentrates at the Sullivan mine in British 
Columbia. 


Zinc.—The most important ore of this metal is zinc blende 
or sphalerite. An important zinc mining industry is now 
being developed in British Columbia. In eastern Canada the 
ore has been mined in a small way in the district east of Port 
Arthur, and in Frontenac county, Ontario. The largest 
workings in Canada are at the Sullivan mine where the 
sphalerite is associated with galena. Important deposits are 
also worked at Cascapedia, Quebec, extensive deposits have 
also been found in the Sudbury basin. Rare ores of zine are 
worked in the crystalline limestone of New Jersey. South- 
western Missouri possesses one of the most extensive zine 
mining industries of the world. The ore here is sphalerite and 
occurs in more or less irregular deposits in flat-lying limestone, 


A.uminiumM.— While this metal is widely distributed in clays 
and other rocks and minerals, there is only one ore from which 
it is extracted on a large scale. This ore is the mineral 
bauxite, a more or less impure, hydrous oxide of aluminium. 
Bauxite occurs in more or less loose, earthy deposits resembling 
somewhat those of bog iron ore. Aluminium is extracted to 
some extent from the extremely rare mineral cryolite, which is 
mined only in Greenland. 


The reader should review what is said in the descriptions of 
minerals in Part II concerning the association of ores in 
deposits. The following are common associations: —Galena 
and blende with calcite or in limestones, frequently with iron 
pyrites, barite and other minerals; iron pyrites and copper 
pyrites; gold and quartz at times with iron pyrites and 
mispickel; tinstone in granite, frequently with fluor spar, 
tourmaline and beryl; cobalt and nickel ores, rarely with 
native silver; magnetite and hematite with jasper. 


Notes on the uses and modes of occurrence of the ores in 
this list are given in connection with the description of the 
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minerals. The following summary of the modes of occurrence 
of ores may give the reader a better understanding of this 
important subject. 
ORE DEPOSITS. 
A.—SuPERFICIAL oR SurFace Deposirs. 
(1) Placers, or stream and shore deposits. We have seen 


that gold and platinum are found in grains and nuggets in 
gravel and sand deposits. Cuassiterite, the variety known as 
stream tin, occurs under similar conditions. It has been 
shown that magnetite is frequently associated in grains with 
sand along shores, 

(2) Bog and lake deposits, e.g., those of limonite or bog 


iron ore. 
B.-—StratTIFiep. 

(1) Beds of limestone and other rocks contain, at times, a 
sufliciently high percentage of galena or other mineral to be 
classed as ores. 

C. — UNS?TRATIFIED. 

1. IRREGULAR. 

(a) Ores of igneous origin. It is thought that certain 
deposits of pyrrhotite, magnetite acd other ores have origin- 
ated in the same way as igneous rocks. that is, they have been 
produced by the cooling of molten material. In some cases 
the ores occur in large irregular masses, e.g., the nickeliferous 
pyrrhotite of Sudbury. In other cases the metalliferous 
minerals are scattered through a mass of igneous rock. 

(6) Irregularly shaped masses of ore, of aqueous origin, 
are frequently found at the contact between two series of 
rocks or occupying caves or caverns. 

In addition to the examples represented by a and b there 
are other irregularly shaped ore bodies of less interest. 

2. REGULAR. 


Under this heading come what are properly called veins, 
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(a) If an ore body occupies an opening which is con- 


formable with the bedding i) 
or schistosity of the rocks 
in which it is found, it is 
called a bedded or segre- : 
gated vein. Such veins 
are usually more or less 


lenticular in form. 


aan (6) Tf an ore body oe- 

Branching vein cutting across strata. cupies a fissure which cuts 
across the bedding or schistosity it is called a fissure vein 
(Fig. 90). The name is also 
applied to ore bodies which 
occupy fissures in massive or 
igneous rocks. In such a 
deposit the vein minerals, 


besides occupying. the fissure, 


may replace to a greater or 
Fig. 91. 
less extent the neighboring 

Y i] © A, hanging-wall, B, foot-wall of a vein. 


country rock, largely increas- The walls may be impregnated with 
ing the size of the ore body minerals, similar to those in the vein. 


beyond the walls of the original fissure. 


We thus see that there 
are two classes of ore 
bodies to which the term 
vein is properly applied. 
It will also be under- 
stood that the use of the 


term in such an expression 


as “a vein of coal” is in- 


Fia. 92. 
Veins of different ages. 1 is faulted by 2, correct, since coal occurs ‘ 
and 3 faults 1 and 2. 


in beds. 


Reproductions of photographs of fissure veins are shown on 
pages 24, 62 and 108. 
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Oricin or Deposits. 


The above classification of ore deposits, it will be seen, is 
based on the shape of the deposits. Another method of 
classification is based on the mode of origin. Using this 
system, deposits can be arranged under three headings :— 
1. Igneous origin. 2. From solution. 3. From suspension. 


fo} 

The reader will have little difficulty in arranging under 
these three headings the deposits referred to in the classifica- 
tion based on shape. Those of igneous origin are few in 
number. Deposits formed by the deposition of minerals from 
solution embrace the majority of ore bodies—e.g., bog and 
lake deposits ; many stratified” deposits; many unstratified 
forms, such as contact and cave deposits, together with 
segregated and fissure-veins. In discussing the effects of 
water on rocks, we showed that mineral matter is carried 
in solution, and deposited when conditions of temperature 
and pressure change, or precipitating agents are encountered 
(page 23). 

The mineral matter which gives rise to ore deposits is dis- 
solved out of rocks, especially by subterranean, highly-heated, 
impure waters under pressure. The original source of the 
ores is the igneous rocks which carry metals or their com- 
pounds in small quantities distributed through their masses. 

In the third division of the classification according to origin, 
van be put placers, magnetite sands, and other deposits, the 
material in which has been carried in suspension by water, 


and deposited mechanically instead of chemically. 


Vein Stones.—In many deposits of aqueous origin the 
greater part of the mass, especially in veins and in contact 
anil cave deposits, consists of some mineral or minerals which 
are of no value as ores, Such minerals are known as vein 
stones or gangue. The two most important of these are 


quartz and calcite. Barite and fluorite are also common. 
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Certain ores have characteristic gangues. Gold, for example, 


in fissure veins or other deposits, is usually associated with 
quartz, which may fill the whole fissure, the gold being in 
visible grains or flakes, or invisible. The gangue of lead and 


zine ores is frequently calcite, 
Vatuk or Deposits. 


Since ores are of more interest to most people than are 
other economic minerals and rocks, it may be well to give a 
few additional notes, with the object of instructing those who 
may at some time or other become investors in mines. 

The term “mine” is properly applied to an economic mineral 
deposit only when it has been developed or opened up in such a 
way as to be capable of being worked as a source of metals or 
other valuable substances. It is incorrect to speak of a deposit 
on which no work, or only a limited amount of work, has been 
done, as a “mine.” 

Numerous mines in various parts of the world have paid 
large profits to those who have invested in them. Advantage 
is frequently taken of this by unscrupulous persons to play on 
the cupidity of those who have little or no knowledge of the 
mineral industry. Deposits, from which a few saniples of rich 
ore can be taken, or which may contain no ore that can be 
worked at a profit, are represented as needing only to be 
worked to produce great riches. It is well to remember that 
rich samples are obtainable from many deposits which can 
never be worked at a profif, and that, in the great majority of 
districts, the number of deposits which can be worked at a 
profit are few in number. It should not be concluded that, 
because one parcel of land contains a rich ore body, others in 
the immediate neighborhood are as valuable. 

Mining is as legitimate as any other industry, but, owing 
to the ignorance of the public, great frauds are frequently 
perpetrated in connection with it. There are many capitalists 
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or their representatives that have a thorough knowledge of 
mining who are constantly looking for promising mineral 
deposits. It is, therefore, seldom or never necessary to peddle 
shares in a property of much promise, or which has been 
proved to be of great value. One should then consider, when 
he is asked to invest in a mine, whether it is not of doubtful 
value, Of course some properties, originally of doubtful 
value, have become dividend-payers ; but when investing in 
an unproved property, a person should not risk more than he 
is prepared to lose, in case of failure. To possess a thorough 
knowledge of mines, a man must have gone through as long 
and as thorough a course of training as do the members of 


any other profession. 


In judging the value of a mineral deposit, many factors 
have to be considered. Among these may be mentioned: the 
size of the deposit, amenability of ore to reduction processes, 
transportation facilities, timber, fuel, labor, and general 


surroundings. 


Terms Usep in MInina. 


There are certain terms used in mining which the reader is 
likely to meet with in the daily press or in other literature. 
Some of these will be understood from (Fig. 93), which repre- 
sents a vertical or highly inclined longitudinal section through 
a mineral vein which has been developed into a mine. Other 
deposits in solid rocks are worked in a similar way. Shafts 
are rectangular openings, frequently, in smaller mines, 7 x 10 
feet in cross-section, which are sunk usually in a vertical or 
highly-inclined position, s, fig. 93. From the shaft, usually at 
intervals of 50 to 100 feet, approximately horizontal openings, 
known as drifts or levels, are run. These levels enable the 


miner to work out the ore more cheaply than if he began at 
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the surface and worked the vein downward in the form of a 
trench. The levelsare marked Jin the diagram. The unshaded 


7 


Fig. 93. 

Section from the surface (7) downward through the workings of a mine.  s, shaft; 
h, shaft-house ; /, level; t, stope; w, winze; 7, rise. The part of the shaft, in 
which water is sometimes allowed to collect, below the bottom level, is known 
ag a sump, p. 


portions, marked ¢, connected with the levels and extending 
above and below them, are called stopes. They are known as 
overhand and underhand 
stopes respectively, and 
represent bodies of ore 
which have been removed. 
The diagram shows a 
shaft-like structure, 2, 
sunk below the third level. 
This is called a winze. 
A similar opening extend- 
ing above a _ level is 
known as a rise, 7 An 


Fie. 94 adit is a tunnel run in 
Shows a vertical shaft sunk on a vein which from a hillside to con- 
has a dip of about 45° from the horizontal. a i 
An adit connects the shaft with the hill nect with the workings 
side. Three levels connect the shaft with 5 =n 
ahateaiis of a mine (Fig. 94). 
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Faults have been described on a preceding page (Figs. 80, 92). 
Tt is easily seen that, if faulting has taken place along a fissure 
which subsequently became a vein, by the deposition of 
material from solution, the vein will be wider at some points 
than at others, unless the walls of the fissure were perfect 
planes. The walls may come together, in which case the vein 
disappears or is said to pinch, In such a case faulting is 
frequently indicated by striations, known as slickensides, on 
the walls of the vein. Such striations are produced by the 
walls rubbing against each other when faulting takes 
place. 

In the case where a vein or bed has been faulted it becomes 
of importance after working to the line of fault to know where 
to look for the continu- 
ation of the vein (Fig. 
95). If we suppose the 
vein has been worked 
from the surface down 
to the fault line we see 
that its continuation is 
downward, or on the 
down throw side. Models 


should be made use of 


in studying faults. Take 


Bia, 95 
vein A B is faulted between A’ and BP. 


a block of wood and a, 


mark on it a bed or vein, If the part BB’, on the foot-wall side, is 
> D y 77 worked from the surface down to the fault, 

such as A # EL : : ie 

ae : | 1, b b, z the continuation of the vein, A A’, is to be 

in Fig, 96, and a fault looked for, in the case of normal faults, 


ss % downward. 
line / I’, Then saw the : ; 


block along the line # /, and note the effeet produced in 
the vein when one part of the model is sunk a little below 
the other. Make other models with veins or beds and fault 


lines placed in various positions. 
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Veins sometimes show a banded structure (Fig. 97). This 
is generally due to the character of the mineral-hearing 
solutions having changed 
from time to time as the 
filling of the fissure pro- 
gressed. Next the wails 
there may be bands of lead 
ore, succeeded towards the 
centre of the fissure by 


zinc ore or other kinds. 


Banding is sometimes pro- Fic. 97. 
duced by the splitting open Banded Vein. 


of a vein and the filling of the fissure thus formed with 
material different in character from that originally in the 
vein. 

It is believed that the minerals in veins have in most cases 
been deposited from ascending waters which were hot and 


usually alkaline. 


2.—ABRASIVE MATERIALS. 


In the second class, or that which embraces those 
minerals and rocks which are used for grinding and polishing 
purposes, there are a number of well known substances. In 
commerce these are generally grouped under the name of 
abrasive materials. 

Among the rocks which are used for these purposes are 
sandstones, which contain angular fragments of quartz firmly 
cemented together, represented by the ordinary grindstone or 
scythe-stone. Silicious rocks were formerly used in grist-mills 
for grinding purposes, but these have now been replaced by the 
more modern rollers. Fine-grained sandstones, garnetiferous 
mica-schist, and other rocks are used in the manufacture of 
whetstones. Tripolite, or infusorial earth, and pumice are 


used in polishing. 
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The minerals employed for these purposes include crushed 
quartz or sand, which is used in polishing marble and other 
substances ; garnet in the form of grains, which is used in the 
manufacture of sandpaper, and so on; emery, corundum 
and the diamond. We have shown on a preceding page 
chat grains of corundum or emery are commonly cemented 
together and moulded into wheels. The reader has, no doubt, 
seen emery wheels. Whetstones and other grinding or 
sharpening tools are now also made from grain corundum 
and emery. The dark or poorly colored varieties of the 
diamond are employed for abrasive purposes. Its powder 
is used in polishing the diamond itself; the stones are used 
for cutting glass, and are set in the bits or cutting parts of 
the so-called diamond drills with which holes are bored into 
the solid rock. 

Artificial materials are now employed to some extent for 
abrasive purposes. These include crushed steel, artificial 
corundum, and the well-known material carborundum, which 
is manufactured in electric furnaces at Niagara Falls. 

Corundum is the most valuable of all abrasives, its applica- 
tions being wider than those of any other material used for 
similar purposes. It is hard and possesses cleavage or parting 
planes, through the effect of which new surfaces are constantly 


presented as the mineral wears away. 


3.—REFACTORY MATERIALS. 


The materials which are used to withstand heat, or 
which possess what are known as refactory properties, include 
the following :—Asbestos, graphite, mica, magnesite, fire clay, 


certain sandstones, and others. 


Asbestos,——-The unique mineral, asbestos, sometimes called 


mineral wool, can be spun or woven, and is commonly made 
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into cloth which is employed in the manufacture of theatre 
drop-curtains, firemen’s clothing, and other materials which 
are required to withstand heat. The mineral in a cruder 
form is used for packing around steam-pipes, to keep in 
the heat. The refractory character of asbestos was known to 
the ancients. It is said that bodies were wrapped in asbestos 
cloth before being placed on funeral pyres, and that the 
emperor Charlemagne had a table-cloth made of asbestos. 
The asbestos of commerce is the fibrous variety of the mineral, 
serpentine. The world’s supply now comes practically from 
that part of the province of Quebec which lies between 
the St. Lawrence River and the United States boundary 
(page 101). 


Graphite.—The refractory character of graphite has been 
referred to in the description of this mineral. It was shown 
that, on account of its not being affected by the heat of 
ordinary furnaces, and owing to the fact that the mineral is 
not acted on by molten material, it is commonly used as a 
furnace lining. Crucibles are frequently made of it. 

The mineral occurs in metamorphic rocks, being frequently 
associated with crystalline limestone. Attention has been 
drawn to the fact that graphite is in some cases a meta- 
morphosed coal. In other cases, especially in the older rocks, 
the mineral probably represents the metamorphism of the 
heavier non-volatile part of mineral oil or petroleum, as 
vegetation during these early periods had not reached a high 


enough state of development to produce coal. 


Mica.— Mica is another mineral which is not easily affected 
by heat. While the greater part of the mineral which comes 
into commerce is used for insulating purposes in connection 


with electrical machines, a certain amount of it of less pure 
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quality, or what is known as scrap, is employed for covering 
boilers and for similar purposes. It is also used in stove 
fronts. Ground mica finds various applications in the arts 
(page 89). 


Magnesite.— Magnesite, when made into bricks, is found 
to possess highly refractory properties and is now largely 
employed as a lining in electrical furnaces. Most of this 
material comes from Greece (page 88). It has also been 
mined near Grenville, Quebec. 

Fire Clay.—Fire clay is a clay which approaches kaolin in 
composition, being much purer than the ordinary varieties of 
clay. The presence of tlie alkalies, alkaline earths or iron in 
clays causes them to fuse at lower temperatures than purer 
clay. The origin of fire clays has been briefly described on a 
preceding page. It has been shown that they are commonly 
associated with the coal measures, and are less frequently 


found in other localities. 


Sandstone,—Sandstone, which is composed of pure quartz 
grains, possesses the property of withstanding high tempera- 
tures and is used for linings of furnaces and so forth. 

One of the most difficult materials to fuse, or, in other 
words, one of the most refractory, is quicklime. Pencils of it 
are used in the oxy hydrogen light. 

Although the minerals and rocks just mentioned are refrac- 
tory or infusible under ordinary conditions, it may be added 
that at sufticiently high temperatures most of them are fusible. 
Even lime has been caused to boil in the modern electric 
furnace. 

Tf refractory materials are brought into contact with sub- 
stances for which they have chemical aftinity they will fuse 
with them at a comparatively low temperature. Thus lime in 


the presence of silica fuses readily. 
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4.—PAINT MATERIALS. 


Minerals from which pigments or paint materials are 
derived are numerous. Common white paints are usually 
compounds of lead or zine, either the oxides or carbonates. 
The red paints which are used for the commoner purposes are 
frequently oxides of iron. In some cases hematite or limonite, 


after being ground und simply mixed with oil, is used as paint. 


In other cases artificial iron oxide is employed. — Different 
colored paints are produced from arsenic. Many carriage 


paints are compounds of this metal. The mineral from which 
arsenic is obtained, as has already been stated, is chietly 
mispickel. The mineral barite, when occurring pure enough, 
is ground and employed as a pigment. It is sometimes used 
to adulterate the more valuable lead compounds, but for some 
purposes it has an advantage over other white pigments owing 
to the fact that it is not acted on by acid fumes. The use of 


graphite in paints has been mentioned on a preceding page. 


Closely associated with paint materials are substances used 
for staining glass or coloring pottery, porcelain, and other 
materials. The color of the higher grades of blue glass, for 
instance, is due to cobalt. Other glasses owe their color to 


various metals. 


5.—DECORATIVE MATERIALS, 


Minerals used for decorative purposes include those used 
in jewelry, and soon. The term stone is generally applied to 
specimens of minerals which are adapted for use in jewelry. 
They are called in a general way gemstones, this use of the 
term being different from the ordinary, the name stone usually 
being applied to comparatively small, loose, pieces of rock. 

Among the most highly-prized gemstones are the diamond 
and the well-colored and transparent varieties of the mineral 


corundum, known as sapphire and ruby. The emerald and 
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aquamarine are gem varieties of beryl. Clear, transparent, 
and flawless varieties of other minerals are commonly cut and 
used in jewelry. Among these are green tourmaline, garnet, 
varieties of quartz, feldspar, and many others. All these 
minerals have been previously described. 

In addition to their use in jewelry, minerals and rocks are 
employed for decorative purposes in other ways. Among 
these are marble, agate, onyx and other well-colored materials. 
The stone used in many buildings is frequently selected 
on account of its decorative character. Some stones are 
fashionable or popular in certain districts, while others are in 
demand elsewhere. 


6.—CHEMICAL MANUFACTURE. 


The minerals which are used in certain chemical manu- 
factures are numerous. Two of the most important, among 
these, are iron pyrites and sulphur, which are employed in 
the manufacture of sulphuric acid. Others which may be 
mentioned are bauxite and clay, which are used in the 
production of aluminium sulphate and alum, There are many 
in addition to these, but they come under other headings as 
well as that of chemical manufacture. 


7.—MINERAL FERTILIZERS. 


Minerals used in agriculture are somewhat numerous. 
One of the most important of them is the mineral apatite, 
which, when treated with sulphuric acid, produces a soluble 
phosphate that possesses very valuable properties as a plant 
food. Other phosphates similar in composition to apatite are 
employed for a like purpose. Yround gypsum is frequently 
used as a fertilizer, being then known as land plaster. Lime 
has beneficial effects on some soils. It tends to make those 
of a heavy character more easily worked, promotes drainage 
and supplies a constituent for plant food which is lacking in 
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some soils. The value of lime as a fertilizer is becoming 
better recognized. 


One of the most necessary elements for plant food is potash. 
A number of minerals supply it. The greatest amount of the 
potassium compounds in commerce is derived from the salt 
deposits of Stassfurt, Germany. These deposits in addition to 
common salt carry various salts of potash and other materials 
in solution, Numerous attempts have been made to invent a 
cheap process for extracting potash from feldspar, but up to 
the present success has not been achieved. The fragments of 
feldspar found in many soils tend gradually to decay and 
thus supply potash to the plants. Green sand, or, as it is 
commonly called, glauconite, is a silicate of potash and iron, 
and is sometimes used as a fertilizer. Common salt is also 


employed. 


Plants gradually abstract the phosphorus, potash, and other 
substances which serve as their food, from the soils on which 
they are grown. If the plants are allowed to decay where 
they have grown the elements are given back to the soil. But 
when wheat, corn, and other crops are removed from year to 
year the soil becomes in time impoverished. Hence fertilizers 
such as those named above should be used. 

All soil, as we have seen, results from the breaking-down of 
compact rocks. Through the mechanical action of water the 
various fine particles produced may be sorted in such a way 
that in one locality the surface is covered with a soil which is 
composed essentially of quartz grains, or what is called sand, 
in another it may be a stiff clay, while in a third locality the 
surface soil may be a mixture of sand and clay, or of sand and 
limestone in a state of fine division, 

Mixed soils are the most productive since they contain a 
greater variety of the elements of plant food and their physical 
character is also important in connection with the retention of 
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moisture or in relation to drainage, Ordinary sand containing 
little but silica is an unproductive soil; while clays, more or 
less impure, contain particles of minerals which gradually give 
up phosphorus, potash, and other substances to growing plants. 
Tt has been shown that the mineral apatite, or ‘ phosphate,” is 
present in most igneous rocks. Since all soil and other 
fragmental rocks are derived from these, if is seen where the 
plants get their phosphorus. 

Phosphorus and nitrogen are found in buds and shoots and 
afterwards in the seed of plants. Calcium phosphate is an 
important constituent of the bones of animals. Bones, as the 
reader probably knows, are ground and used as a fertilizer. 
Tt is thus not difficult, as will be seen from what we have said, 
to trace the source of the phosphorus in bones, through seeds 
of plants and the soil, back to the igneous rocks. Other 
substances give stiffness to the stalks and trunks of plants. 
Silica, for example, is found in comparatively large amounts 
in what is known as the “scouring rush.” Wood ashes, since 
they contain potash or “lye,” are valuable fertilisers. Organic 
matter is also important. 

We have shown that the soils of northern countries consist 
essentially of material which has been transported for a 
considerable distance by glaciers, and has been more or less 
re-sorted by water (Figs. 5, 6). In southern countries, on the 
other hand, the soil represents the decay of the underlying 
compact or “bed rock” of the district in which it is found. 
In certain limestone districts, as for example that of the 
grass” region of Kentucky, the soil is fertile, while 


t=) 


“blue 
in others where the bed rock is sandstone it is barren. Pure 
limestones, or those containing little argillaceous or clayey 
matter, on their decay do not, of course, give rise to soil, the 
calcium carbonate being gradually carried away in solution. 
They, like sandstones, are frequently found out-cropping at 
the surface in agriculturally barren regions. 
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8.—FUELS AND ILLUMINATING MATERIALS. 
Fuels and illuminating materials have been described in 
connection with minerals. They embrace the various coals, 
rock oil or petroleum, and natura: gas. Tt is not necessary 


to add to their description here, but attention may be again 


a Fie, 98. b 


aw. The darker layer may be considered to be a coal seam which is dipping at an 
angle of about 30° from the horizontal. 


b. Stumps and trunks of trees are frequently found in coal-bearing strata. 


Fie. 99. 


Coal seams frequently outcrop along the sides of valleys, A B, which have been 
cut out by streams or rivers. 
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If a bed of coal or other substance, or a vein, dips at a certain angle, 7, it is easy 


XS 
<< 


to determine to what depth a shaft, S, will have to be sunk from any point at 
the surface to reach the bed or vein. In the diagram the angle of dip, i, and 
the distance of the shaft, S, from the outcrop being known, construct a right 
angled triangle with angle i, and side, d, and determine s. 
drawn to their distribution in North America. The great 
coal-fields of Pennsylvania and of the Maritime provinces 
belong to the Carboniferous formation ; while those of the 
western States and western Canada are of Mesozoic age. It 
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has been shown on preceding pages that vegetation, as regards 
land plants, did not develop greatly until the Carboniferous 
period. During the Devonian and earlier periods, vegetation 
was too sparse to give rise to coal deposits. Hence if we 
know that a certain territory like that of the province of 
Ontario, to the north of the Great Lakes, possesses no rocks 
younger in age than the Devonian, except glacial and recent 


formations, we can conclude at once that such a territory is 


: 
i 


Fig. 101. 


Compass-clinometer for determining dip of strata. The clinometer attachment 
consists, as shown in the figure, of a movable index which hangs freely from 
the centre of the compass and plays around a graduated are. Where the upper 
edge of the compass is held horizontally, the index cuts the zero point of the 
graduated arc, From each side of this point, the graduation is carried up to 
90°. If, consequently, the upper edge of the instrument be placed parallel 
with the inclined beds of any strata, the angle of dip will at once be shown 
by the index. [After CHAPMAN]. 


not coal-bearing Much capital has been wasted in searching 
for coal deposits in districts in which geologists know it is 
impossible to discover them. 

Some of the thickest coal seams known are found in 
Nova Scotia. The coal here is the bituminous variety. 
Two important fields are those of Pictou and Sydney. In 
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western Canada, in the foothills of the Rockies and in the 
plains to the eastward, coal is found over a vast territory. 
Near the foothills the coal is of better quality, approaching 
the bituminuous variety more closely in composition than that 
of the plains, which is lignite. The principal mines are at 
Lethbridge, Canmore, Anthracite, Frank and Coalfields. The 
local trade is supplied by small mines at Estevan, Medicine 
Hat, Edmonton and elsewhere. In British Columbia there 
is an important coal industry at the Crow’s Nest Pass and 
on Vancouver island — Nanaimo, Comox,—the variety in both 
vases being bituminous and occurring in Cretaceous rocks. 
On Queen Charlotte island, anthracite as well as bituminous 
coal is found. 


9.—BRICKS, POTTERY AND GLASS. 


Materials for brick, pottery and glass are of common 
occurrence. The manufacture of bricks from clay has been 
mentioned, and it has been shown why some possess different 
colors from others. There are various grades of pottery, some 
of which require clays of special character. Cruder forms of 
pottery are frequently made from ordinary brick clays. 

In addition to clay, the more compact form of the rock 
known as shale is frequently employed in the manufacture 
of bricks and similar materials. In the vicinity of the Great 
Lakes, for instance, shales of the Hudson River formation and 
of the Medina, together with glacial, inter-glacial, and post- 
glacial clays, are employed. The reader visiting a deposit 
from which material is taken for the manufacture of brick or 
pottery, should try to determine to which of these classes the 
material belongs. In the manufacture of ordinary glass, the 
substances made use of are chiefly quartz in the form of sand 
and pure lime—that is, lime which is composed essentially of 
calcium oxide. Sand is usually too impure to be used in the 
manufacture of colorless glass, and it is frequently necessary 
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to bring the material a considerable distance. The crushing 
o 5 

of pure quartz often costs too much for glass-making material. 
Limestones pure enough for glass-making are found amone 
o to} fo) oO 


rocks of varlocs ages. 


10.—STONE AND CEMENT. 


Under the heading of stone and cement materials a large 
number of rocks are included. 

For building structures such as houses, the most common 
kinds of stone employed are limestone, sandstone, and granite. 
Slate finds employment as a roofing material. Heretofore 
blocks of stone of large size have been used in structures such 
as canal locks. During later years stone has been replaced to 
a laree extent by concrete, which is composed of crushed 
stone and cement. The term ‘road metal” is applied to 
crushed stone employed in the construction of roads. 

In addition to the use of stone for structural purposes, we 
have the use as decorative material. Crystalline limestone, 
which takes a good polish, is known as marble. It is largely 
used for the decoration of the interior of buildings. Marble, 
granite, and other rocks are also used for monuments. Jasper, 
agate, and other materials are employed for decorative purposes. 

Cements can roughly be divided into two classes: (1) 
Natural or rock cement; (2) Portland Cement. Natural rock 
cement is produced from argilaceous limestones. When 
burned, certain of these rocks possess the power of setting or 
hardening under water. Portland cement possesses properties 
similar to natural cement but is of more definite chemical 
composition. It is usually made by mixing marl or powdered 
limestone, that is practically free from magnesia, with clay 
and sintering or partly fusing the mixture. The sintered 
material is ground and comes on the market in the form of 
a fine powder. Cement is replacing lime to a large extent in 
building operations. We have already referred to the latter 
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substance, but it may be added that limestones of various 
compositions are burned in the production of lime. Magnesian 
limes set more slowly, and are thus better adapted to certain 
purposes than pure calcareous limes. The pitting which takes 
place at times in plaster on walls is due to the imperfect 
slaking of lime. Lime is usually slaked, as no doubt the 
reader has observed, in shallow boxes or troughs with water. 
It is best to slake the lime some time before it is used. 

Most lime tends to take up carbon dioxide and water 
when exposed to the air and thus loses its value for use in 
mortar. Instead of being what is called quicklime, it is said 
to be air-slaked lime. 


The white efflorescence or coating 


g, which frequently appears 
on bricks, after they have been laid in a wall, is due to the 
formation of alkaline sulphates. They are soluble compounds 
and moisture brings them gradually to the surface of the 
brick-work. The sulphates may be produced by the oxidation 
of sulphides, such as iron pyrites, present in some clays and 
limestones ; or if coal is used as a fuel, the sulphur may come 
from it. In order to avoid the disfigurement of walls, 
materials containing compounds of sulphur, should not be 
employed in the manufacture of lime or bricks. <A_ little 
carbonate or chloride of barium added to bricks before they 
are burned will prevent the efflorescence, if it is due to 
sulphates in the bricks, 


11.—WATERS. 

Waters of various kinds are probably of more economic im- 
portance, in so far as the great majority of the population of 
any country is concerned, than is any other mineral or rock. 

Waters may be divided into various classes according to 
their composition, For instance, ordinary drinking water 
contains only small amounts of mineral matter in solution. 


There are other waters which contain a great deal of dissolved 
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mineral matter. Many of these waters are of value from the 
medicinal point of view for either internal or external use. 
These waters can be sub-divided into several classes. We 
have, for instance, waters in which the dissolved material is 
chiefly chlorides ; others in which the material is salts of iron, 
hence called chalybeate waters ; others in which there is more 
or less sulphate or sulphuretted hydrogen present, known as 
sulphur waters. 

Waters frequently become contaminated through imperfect 
drainage. It becomes of importance, therefore, to know 
something of the underground structure of any district. Fig. 
102 shows how polluted water containing organic matter may 
drain into a well or spring and thus bring about infection. 


Cc 


Fig. 102.—Drainage from a building on a h Ilside may enter a porous bed, A B, and 
issue at B, an unexpected point. The spring at B may thus become polluted. 
Waters rise from porous beds through cracks or fissures to the surface, as 
springs, E, when the outcrop of the bed, D, is higher than the point E. 


‘ 


ANY 


Fig. 103.—If a hole, C, is drilled through an impervious layer, A A, into a porous 
bed, B B, which is underlain by an impervious bed, A’ A’, water entering 
B B at the surface, @ b, cd, will rise through the drill hole, C, to the approxi- 
mate level of @ b, ¢ d. [After Dr. F. D, Apams.] 


= 


Fig. 102 shows how springs originate, and Fig. 103 shows 
the reason why water in artesian wells, so called from Artois 
in France, rises towards the surface or spouts above it at times. 
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12.—MISCELLANEOUS ECONOMIC MINERALS. 


Under the above headings a number of important economic 
minerals and rocks have not been mentioned. We shall now 
refer to a few of them under the heading of miscellaneous 
materials. 


One of the most important of these is the substance known 
as rock salt or halite. Most salt, as we have seen from the 
description of minerals, is produced by the evaporation of 
saline waters or brines. At times, however, salt is mined in 
the solid form. There are frequently great beds of rock salt 
in association with the Paleozoic and other strata. 


Borax and soda (sodium carbonate) are found dissolved in 
certain lakes in the west, and are obtained by evaporating the 
water. 

Nitre or saltpetre occurs mostly in surface deposits in arid 


regions. It is also obtained from some waters. 


The modes of occurrence and uses of tale, fluor spar, sulphur, 
lithographic stone, and other economic minerals and rocks 
have been referred to on foregoing pages. 


There are uses of certain minerals in addition to those 
mentioned in the above divisions. 


APPENDIX I 
CHEMICAL AND BLOWPIPE TESTS. 


Most of the minerals which we have described can be deter- 
mined by the physical characters summarized on preceding 
pages. It will be well, however, to add here certain chemical 
and blowpipe tests which can be made use of when the neces- 
sary apparatus and reagents are at hand. By their use we 
shall gain a more perfect: knowledge of these minerals, and shall 
have the means of assisting in the determination of others in 
which we may be interested. Details should be sought in 


larger text-books. 


Fia. 104. 


Biowrires. The upper one is simply constructed and has a straight mouth-piece. 
The lower one has a bell-shaped mouth-piece, and consists of several parts 
screwed together. (A little over one-third natural size.) 


The Mouth Blowpipe.—This instrument is in common 
use in chemical laboratories and by jewelers and other workers. 
It is inexpensive and simply constructed (Fig. 104). — Facility 
in its more simple uses will be gained with little practice. 
More can be learned from a few minutes’ practice with the 
blowpipe than from reading several pages describing the 


methods of using it. 
195 
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The beginner will probably find the straight mouth-piece 
easier to use than the bell shaped form. 


Tt is necessary, in some experiments, to keep up a practically 
continuous blast for a half-minute or so. In doing this the 
beginner is likely to find difficulty in breathing and blowing 
at one and the same time. When blowing he is apt to ‘hold 
his breath.” This can be overcome with a little practice. 
Before placing the end of the mouth-piece between the lips, 
expand the cheeks, keeping the mouth closed, and breathe 
through the nostrils for intervals of a half-minute or more. 
Afterwards do the same with the blowpipe in position. It 
will then be found that a blast can be kept up on a flame with 
little difficulty. Do not try to get too strong a blast at first. 
Simply keep up a good pressure on the cheeks, 


Fuel and Flames.—The best source of heat for blowpipe 
work is the Bunsen gas burner. The orifice, at the bottom of 
the burner, for admitting air is kept closed when the blowpipe 
is in use, and left open when it is desired to use simply the 
heat of the flame. Where gas is not available, paraflin, wax 
or other candles can be employed. As they melt rather 
rapidly when used with the blowpipe, it is best to use them in 
anotuer way. Whittle the paraflin from the candle, keeping 
the wick whole, or get a piece of parafiin such as is commonly 
on sale in drug stores, and make use of a tin box, preferably 
rectangular in form, as a receptacle for the paraffin. This 
box need not be more than one and one-half inches ia width 
with a height of one inch, A wick is placed in a piece of 
iron or brass tubing with diameter of one-quarter inch, and 
length, for the size of box mentioned, of one and one-quarter 
inch. Brass tubing is better than iron, since after it becomes 
heated by the flame, it tends to keep the paraffin more 
perfectly melted. The wick holder may be soldered in one 


corner of the box, or it may be stood upright with the wick in 
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it and the box filled nearly full of paraffin, tallow or other 
substance used as fuel. Suflicient wick should be used to 
form a support for the holder on the bottom of the box. The 
holder should project above the edge of the box. It will be 
found that water can be caused to boil in a glass tube if the 
latter is held at the uppermost edge of the parattin flame. 
In this position the tube will not become coated with soot. 


In blowpiping we make use of two flames, known as 
the oxidizing flame, O.F., and the reducing flame, R.F. 


The diagrams (Migs. 105, 106), will make clear the methods 


Fia. Fig. 106. 


Fia. 105. Method of producing the oxidizing flame (0.F.). ¢, candle or lamp; w, 
wick; b, tip of blowpipe; Jf, flame; », platinum wire with loop on it, showing 
the position in which the test substance is held when being submitted to the 


105, 


oxidizing flame. 
Fie. 1066. The loop of the platinum wire shows the position in which the test sub- 


stance is held when using the reducing flame (R.F.). 


of producing these. It will be seen that in using the O.F. 
the tip of the blowpipe is inserted halfway into the flame. 
Oxygen is thus added to the centre of the flame, bringing 
about more perfect combustion and destroying the reducing 
action possessed by the gases and the minute particles of 
carbon. The diagram (Fig. 105) shows that the test substance, 
when using the O.F., comes under conditions favorable for 
oxidation. From diagram (Fig. 106) it is seen that the test 
substance, when the R.F. is used, is subjected to the action of 
the interior of the flame, which has an avidity for oxygen. 
Tt thus tends to take this element from the substance under 
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examination, or, in other words, to reduce it to a lower state 
of oxidation. 


Alcohol lamps are at times used in blowpiping, but their 
flames, unless turpentine or some similar material is added, 
are not so suitable for producing a reducing flame. 

Forceps.—These are used for holding small splinters or 


fragments of minerals when testing their fusibility or flame 


fia. 107.—Magnifying glass; small three-cornered file; forecps; horse-shoe magnet, 


coloration. Platinum-tipped forceps are the best, but the 
common steel variety, about four inches in leneth, serve most 
purposes (Fig. 107). 

Platinum Wire.—A piece of wire, of the size known as 
No. 27, about three inches in length, is required. For con- 


venience in handling, one end of the wire may be fused into a 
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short piece of small sized glass tubing. Before using, a small 
loop about one-tenth inch in diameter is formed on the end 
of the wire. 


Glass Tubes.—The open tubes consist of a piece of tubing 
three or four inches in length and one-eight to one-quarter 
inch in diameter. By cutting a nick ina piece of tubing with 
a sinall three-cornered file, the requisite lengths can be broken 
off. Ifa piece of tubing seven or eight inches in length be 
heated in the middle until the glass is soft enough to be drawn 
apart, we can make two pieces of tubing each with one end 
closed, which are known as closed tubes (Fig. 110). The 
glass should be of the hard variety. 


Charcoal.— Soft wood makes the best charcoal for blowpipe 
work. It should be thoroughly burned otherwise it will tend 
to crack and fly to pieces when heated. The pieces of charcoal 
should be rectangular in form, four inches or more in length 
and about twoinches in breadth. The diagram (Fig. 108) shows 
such a piece on which a little zinc had been oxidized with the 
blowpipe. Jewelers charcoal should be used. Ordinary charcoal 
holds fire and is a source of danger. After use the charcoal 
should not be placed on wood but on some fire-proof material. 


File and Magnet.—These have been referred to in 
describing the physical characters of minerals. 


Magnifying Glass.—A common pocket lens is frequently 
very useful in examining minerals or blowpipe products. 


Chemical Reagents.—The chief reagents used in blow- 
piping embrace borax (sodium biborate) or borax glass, phos- 
phor salt (phosphate of sodium and ammonia), soda (carbon- 
ate of soda), and cobalt solution (nitrate of cobalt). 

Frequent use is made of the common acids—hydrochloric 
(muriatic), sulphuric and nitric. A few test tubes are needed. 
If they are not at hand, a small bottle or vial will sometimes 
serve the purpose. 

In testing for carbonates, the organic acid—citric—may 
be employed. It can be obtained in the solid form and is 
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thus more convenient to carry than the mineral acids just 
mentioned. When powdered it dissolves readily in water and 
is then ready for use. Acetic acid, another organic acid, 
is well known in the form of vinegar. 

Complete sets of blowpipe apparatus and reagents can be 
purchased at moderate cost. They may be ordered through 
chemical supply houses. 


EXPERIMENTS. 


Dissolving in Acids.—lIf a drop or two of acid is placed 
on the surface of certain mineral specimens, or on their 
powder, gas is given off, shown by the formation of bubbles, 
or what is known as effervescence takes place ; prospectors 
sometimes wrongly say the specimen “burns.” In all cases 
it is best to powder the substance and drop a few minute 
grains into cold acid in a test tube. The effervescence of 
calcium carbonate or calcite under these conditions is very 
distinct. The closely related calcium-magnesium carbonate, 
dolomite, which occurs as a common mineral, and certain 
other carbonates effervesce only in heated acid. Test a few 
samples of common clay for carbonates, which are frequently 
present as impurities. Mineral specimens are at times more 
or less porous. If acid is dropped on the surface of such a 
specimen it will work down through cracks, drive out the 
air, and in some cases the air bubbles may be mistaken for 
those produced by effervescence. 

Various silicates when finely pulverized gelatinize in acids. 
Boiling hydrochloric acid is generally required to bring about 
the effect. The gelatinous material consists of silica. 

Sulphuretted hydrogen, known by its odor, is evolved 
from some sulphides, e.g., sphalerite and pyrrhotite, if the 
powdered mineral is boiled with hydrochloric acid. 

Copper and certain of its compounds dissolve in nitric 


acid, the resultant solution possessing a characteristic green 
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or bluish-green color. Immerse a piece of iron or steel in a 
diluted solution of this kind. Note the character of the 
deposit formed on the surface of the immersed material. 

The production of chlorine by the action of hydrochloric 
acid on manganese dioxide is a well known experiment in the 
chemical laboratory. This experiment should only be per- 
formed out of doors as the gas is dangerous to inhale. 

Quartz, acid feldspars, and many other minerals are not 
acted on by common acids. 


Fusibility.—In testing the fusibility of a mineral in the 
forceps a small splinter or fragment should be held so that a 
fine point or edge can be exposed to the tip of the oxidizing 
flame without heating the forceps. If a mineral tends to fly 
to pieces when thus heated, or if it fuses easily or is of such 
a nature that it will attack the tip of the forceps when heated, 
charcoal should be used as a support. 

Tf the fine point or edge of the fragment fuses to a glass 
when it is exposed to the flame, the mineral is readily fusible ; 
if the edge is only slightly rounded, it is fusible with difficulty. 


Test fragments of feldspar, gypsum, barite, and garnet. 


Flame Coloration.—Certain minerals when thus heated in 
the forceps impart a characteristic color to the flame. Heat 
a small piece of thin copper wire or a small shaving of copper 
or brass in the flame. Then moisten the wire with a drop of 
hydrochloric acid and heat again. Note the color of the flame 
in each case. Place a few grains of common salt in a small 
cavity in a piece of charcoal and heat gently. The coloration 
of the flame is due to sodium. If the salt tends to fly off the 
chareoal, moisten it slightly and heat again. Test for flame- 
coloration of potash in saltpetre in the same way. Moisten 
the loop of a platinum wire, described under a later heading, 
dip it in salt or nitre and note the color imparted to the flame. 
Mix alittle salt with an equal portion of nitre. It will be 
found that the sodium color alone is shown in heating the 
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mixture on the platinum wire. Note the appearance of the 


flame when viewed through deeply colored blue glass. 


Use of Cobalt Solution.—Certain infusible, slightly 
colored aluminous minerals, moistened with nitrate of cobalt 
and then strongly heated take on a characteristic blue color. 
Zine oxide in the form of a deposit on charcoal, for example, 
becomes green; and slightly-colored magnesia compounds 


become red, when similarly treated. 


Experiments on Charcoal.—A small quantity of the 
mineral or other substance to be tested is placed in a shallow 
cavity, formed by the point of a pocket knife, in one end of a 
piece of charcoal (Fig. 108). The charcoal is held in the left 


hand so that the blowpipe flame can be directed upon the 


Fig, 108. 


Charcoal on which a little zine has been oxidized by the blowpipe. 
(About one-half natural size.) 


substance in the cavity. The test-matter may tend to 
decrepitate or fly away when the flame is applied to it. Tf 
this happens it should be reduced to powder and made into a 
paste with water. It will then adhere to the charcoal when 
heated gradually. A mineral fragment may also be kept from 
flying from its support by putting a minute quantity of borax 
in the charcoal cavity in which it is being heated. 
Expertments.—(1) Heat a small shaving of lead first with 
the reducing flame, and after having fused it to a bead, apply 
the oxidizing flame. What is the color of the coating or 
sublimate deposited on the charcoal? Determine the color of 


the deposit produced by treating zinc in the same way. Is 
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this zinc deposit the same color when cold as when hot? <A 
piece of the alloy, known as soldering metal, can be obtained 
in most localities. Heat a fragment of it and note the results. 

(2) In the reducing flame on charcoal, especially if sodium 
carbonate is used as a flux, several metals, in natural and 
artificial compounds, can be reduced to the metallic state. If 
the amount of fusible metal in the test matter is small, or if 
the metal is reducible with difficulty, we proceed as follows : 
A small portion of the test-matter in powder—previously 
roasted if it is an arsenide or sulphide—is 
mixed with three or four times its quantity, 
by volume, of sodium carbonate into a 
coherent mass with a little water. The 
mass is then subjected to the reducing 
flame on charcoal. If a readily fusible 
metal is present little metallic globules 
will gradually form. With a little care 


these can be caused to run into one. Test 
galena in this way. Try a little iron rust 
or ferric oxide in the same manner. After 
having subjected the iron oxide to the action 
of sodium carbonate and the reducing flame 


< for about half a minute, separate the fused 

Fig. 109. 
Steel mortar and pestle 
used in crushing 


minerals for blow- mortar (Hig. 109) or on an anvil and see if 
pipe work. 


mass from the charcoal, with the point of 
a knife, crush it to powder in a small 


any portion of it is magnetic. 

(3) Heat a little sulphur in the cavity in charcoal. Try a 
fragment of coal, preferably the soft variety, in the same way. 
A few minerals burn when so treated. Note the odor given 
off by the sulphur and by the coal. Heat a grain of pyrite, 
and one of mispickel, and note the odor in each case. 

(4) The fusibility of minerals may be determined on charcoal 
if a pair of forceps is not at hand. 
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Roasting on Charcoal.—This operation is employed to 
eliminate the sulphur in sulphides, the arsenic in arsenides, 
and other volatile matter from the mineral under examina- 
tion, before proceeding with certain tests. Both sulphur 
and arsenic, for example, when in the volatile form, attack 
platinum, and must be removed before the substance contain- 
ing them is tested in borax, or phosphor salt beads on the wire 
of this metal. 

A small piece of the mineral to be roasted is reduced to fine 
powder, moistened, and spread on the surface of charcoal. It 
is then ignited before the point of the oxidizing flame, and 
heated gently at first, to prevent fusion, If it fuses it should 
be again reduced to powder. When the material is com- 
pletely roasted, it will cease to give off an odor. The color 
or other character of the thoroughly roasted material is often 
characteristic. Tron pyrites, for instance, leaves a magnetic 
residue. Some minerals (¢.g., stibnite and sphalerite) form a 
coating, surrounding the test substance, on the charcoal. 

Detection of Sulphur in Sulphides and Sulphates.— 
With the exception of certain specimens of zinc blende, nearly 
all naturally occurring sulphides possess a metallic lustre. The 
streak of all of them, zine blende included, is distinctly 
colored. The natural sulphates do not possess a metallic 
aspect, and their streak is either colorless or pale green or 
blue. With few exceptions the sulphides emit an odor of 
sulphur when heated, while the sulphates do not. 

ExprermMEeNt.—F use a little of the substance, a sulphide or 
a sulphate, in powder, with two or three times its volume of 
carbonate of soda, and a little borax, in a good reducing flame 
on charcoal. A reddish or dark mass is formed, which, if 
moistened and placed on a silver coin, produces a dark stain. 
Test pyrite, galena, sphalerite, gypsum, and barite. 

Fusion with Borax and Salt of Phosphorus.—Certain 
elements give characteristic colors to glasses formed of these 
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reagents when the substance under examination is fused into 
them. The glasses are formed as follows: The loop on the 
end of a piece of platinum wire is heated, or slightly moistened, 
and dipped into the reagent, a small quantity of which will cling 
to it. The loop is then heated in the oxidizing flame till the 
borax or phosphor salt is melted to a glass (Fig. 105). The loop 
is again dipped into the reagent and a further quantity is taken 
up and fused. This is continued till a glass bead has been 
formed which fills up the loop. The substance to be tested 
should be reduced to a fine powder, and roasted if sulphur or 
arsenic be present. The glass bead in the loop is heated or 
moistened and dipped into the substance under examination 
so that a very small amount of the powder adheres to it. The 
bead is then fused, gently at first, so that the powder will 
melt gradually into the glass. It will be found that the 
colors thus imparted to the glass serve as very delicate tests 
for the presence of certain metals. The colored beads, after 
cooling, can be readily freed from the loop by gently uncoiling 
the wire. Some glass beads thus formed will be found to be 


good imitations of certain gem stones. 


Borax Braps. 


The following table shows the characteristic colors imparted 
to beids of borax when certain metals or their compounds are 
fused into the beads in either the oxidizing or reducing flames. 
The phosphor salt glasses are for the greater part similar to 
those of borax, but are usually somewhat less deeply colored. 

The portion of test-matter added to the bead must be very 
small, otherwise the glass may become so deeply colored as to 
appear quite black. In this case the color may be observed 
by flattening the bead on a small anvil or pinching it between 
the forceps before it has time to cool. If two or more metals 
occur together the colors imparted to the beads may be 
indistinct, 
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Conor oF Breap AFTER EX- 7 COLOR OF BEAD AFTER EXPOSURE 
POSURE TO AN OXIDIZING FLAME. aOR At 10 A REDUCING FLAME, 


COMPOUNDS OF- 


Green (whilst hot) 7 More or less colorless or indis- 
3lue or greenish- blue Copper tinctly colored whilst hot 3 
(cold) | brownish-red and opaque 


on cooling. 
Blue (very intense) Cobalt Blue (very deep). 
Yellowish or reddish (hot)) Chromium | Emerald green. 
Yellowish or reddish Iron Bottle-green. 


f Colorless, if quickly cooled. 


Violet or amethystine Manganese \ Violet red, if slowly cooled. 


Violet-brown(whilst hot) | 


Nickel Grey, opaque and magnetic, 
Clear brown (when cold) f tes SBN ARIA em 


Sopium CarBoNatrr, 


The green color imparted to a bead of sodium carbonate by 
manganese is a very delicate test for this metal. A small 
portion of sodium carbonate is moistened and kneaded in the 
palm of the left hand by a knife point or a small spatula, 
The slightly cohering paste thus formed is placed on the loop 
of platinum wire and fused into a bead. The test-matter is 


then added to it as in the case of the borax bead. 


EXPERIMENTS. 


For practice in forming colored beads, a number of common 
substances are available. Determine what colors are given to 
the borax bead by each of the following: iron rust; a small 
grain of cobalt nitrate, or by dipping the bead on a wire into 
the pink solution of this salt ; a small fragment of a deep blue 
glass; a piece of a small black so-called jet bead such as is 
commonly used for ornamental purposes; a small shaving of 
copper or brass; a little potassium bichromate, Numerous 
salts of the metals given in the table ave obtainable if access 


can be had to a chemical laboratory. Compounds of most 
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of them can be purchased in any drug store. Test for the 
presence of iron in magnetite, and iron pyrites (after roasting), 


and for copper in malachite and copper pyrites (after roasting). 


Drvrecrion or SILica. 


Beads of phosphor salt are useful for the detection of silica 
in silicates. The silica remains for the most part undissolved 
in a bead, in the form of a translucent, floeculent mass known 
as a silica skeleton, the associated constituents being gradually 
taken up by the flux. Test a minute fragment of feldspar or 
mica. 

Form a strongly colored phosphor salt glass by adding copper, 
preferably in the form of black oxide, to a bead on platinum 
wire. Then attach a little common salt to the bead and expose 
to the point of the blue cone of the blowpipe flame. Note the 
color imparted to the flame. This is a test for chlorides. 

Water Test.—The presence of water in gypsum, and other 
hydrous minerals, can be detected by heating a small fragment 
of the mineral in a closed or open tube, either by the flame of 


a lamp or by the blowpipe, as shown 


in Figs. 110, 111. The water, on 
being expelled, gathers in the form 
of moisture in the tube. The tube 
should be thoroughly dried before 
the experiment is begun. 


Fie, 110. Fia. 111. 


Fig. 110. The Water Test in the Closed Tube. The illustration shows the substance 
being heated in the tube by a spirit-lamp. 

Fig. 111. The Water Test in the Open Tube. The substance is being heated with the 
point of the blowpipe flame. 
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Asa review exercise, the reader should draw up a list of 
the chief chemical and blowpipe tests for the minerals on 
pages 50 to 53. Consult Part IT, pages 54 to 1138, and 
Appendix I. In cases where notes on the fusibility and other 
characteristics of certain minerals are not given the reader 
should determine the characteristics for himself. In preparing 
the list, the following points may be considered :— 

(1) Tests with acids. 

(2) Fusibility. 

(3) Flame coloration. 


(4) Before the blowpipe on charcoal :—a, odor ; 6, fusibility ; 
c, deposit on the charcoal ; d, reduction with sodium carbonate, 


and the test for sulphur in sulphides and sulphates. 
(5) Fusion with borax or phosphor-salt on platinum wire. 
(6) Silica test with phosphor-salt. 
(7) Test for chloride. 
(8) Water test. 


APPENDIEX” Uo 
TABLE OF THE ELEMENTS. 


For convenience, the elements, or those substances which 
cannot, by means now employed, be divided into constituents 
and cannot be formed by the union of others, are represented 
by the first letter of their names, derived either from the 
Latin or Greek. Where two or more elements happen to have 
the same initial letter, a second small letter is added to the 
capital. Hydrogen is represented by H, from hydrogenium ; 
mercury by Hg, from hydrargyrum ; fluorine by F, and iron 
by Fe, from ferrum. These letters are known as the symbols 
of the elements. The symbols also represent the combining 
proportions, by weight, of the elements. These proportions 
are known as the atomie weights of the elements—that of 
hydrogen being taken as unity, 

The following table gives the symbols and atomic weights 
of some of the more important elements, the total number 
being about 90. The weights are given for the most part in 
round numbers, the decimals being neglected. In comparing 
the tables in various books, the reader will observe that the 
authors do not give exactly the same atomic weights. Hence, 
for the purpose of this book, it was thought best to take 
chiefly round numbers, which represent approximately the 
averages given by other authors. 

Compounds formed by the union of the elements are 
represented by placing the symbols of the elements together. 
Thus the compound known as galena or lead sulphide is 
represented by the chemical formula PbS, and barium sulphate 
or barite—a compound of barium, sulphur, and oxygen—is 
represented by the formula BaSO,. These chemical formulas 
also represent the relative proportions by weight according to 
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ELeMENT. SYMBOL. ne ELEMENT, SYMBOL. eG 
JM hvocoptevwbtoal. Genesee Ale | 27 WICHOMAT TaoAsaen AS fle | 200 
Antimony (Stibium) Sb 120 Molybdenum ......| Mo 95.5 
PST SETI Guan we pereveyvesetene As 75 DS BiCed (c' pees Be eeR eT Ni 59 
Barium nee aceenccces ani Ban led WIG OPEN ares eee ere N 14 
JeFMAGH Geeies sonqo Bis P2087 Salli Oseye enn cee a oO 16 
ASOT Cue a eerie Br 80 Rhosphontisemes st = 12 31 
(Chydhvanhino, sonae cous Cd | 112 IDEM HuMVIONG 6 Goo nore rt 197 
(OWS Saeed oods Ca 40 Potassium: (Kalium)) IK 39 
Carbonmsccs cas C 12 Silver (Argentum). Ag | 107.5 
Ghilorninemen: ance. Cl By ell Huber elg sn ao me ose Si 28 
(Olmxoyminic ces asqne Cr D2 Sodium (Natrium)..{ Na 29 
@abaltreysce warner. Co 59 Stromtinmy esc... Sr 87.5 
Copper (Cuprum)...| Cu (Fa {8) Il rsh oy MANES nore epee 5 32 
Pluovine sc... sans 6 F 19 Tin (Stanium).....| Sn | 119 
Gold (Aurum)...... Au | 197 AGUSHOMDEY 6 onc neeon als 48 
IE yGosemnine caer. H 1 Tungsten (Wolfram)}| W_ | 184 
WON revive s5) ais oe a auwsete Fe 56 |Wng-hiuhvo oe Uaeree Ras Ur | 240 
Lead (Plumbum) . Pb. 20629) Vanadium. .....-.: Vd 5 
Magnesium ........ Mg | 24 VESNIN Con ssceera eri AS OAT VAN 65.4 
Manganese... Mn | 55 ZANCODIWM «+e oe Zy 90,5 


which the elements unite. Thus Pb represents 206.9 parts 
by weight of lead, and §, 32 parts by weight of sulphur. 

The chemical union of atoms produces the smallest particles 
of compound bodies, known as molecules. The molecule of 
barium sulphate contains, therefore, by weight 137 parts of 
barium, 32 of sulphur, and 4 x 16 or 64 parts of oxygen—or 
it contains | atom of barium, 1 of sulphur and 4 of oxygen. 

The percentage composition of galena, PbS, can be caleu 


lated as follows :— 
In per cent. 


CACM MEN DS = SUB Oa een aa see sinee cies cad ssescelel 86.6 
eMule SP Got ameritco spac raclscio os 13.4 
238.9 100.00 


206.5 32 ¢ 
that is (2° of 100=86.6, and 5" of 100 =13.4) 
20O,e 40068 
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Calculate the percentage composition of pyrite FeS,, mag- 
netite Fe,O,, and orthoclase K A1Si,O.. 


A substance is found to have the following percentage 
composition: —Bismuth 81.2, sulphur 18.8. Determine its 
chemical formula, 


CaCO, + 2HCl=CaCl,+CO,+H,O. This represents what 
is known as a chemical equation. It represents the action of 
hydrochloric acid on calcium carbonate or limestone, calcium 
chloride, carbon dioxide and water resulting. |The equation 
shows that one molecule of caleium carbonate is acted on by 
two of hydrochloric acid. 


The reader who has little or no chemical knowledge should 
procure some elementary work on chemistry. A knowledge 
} 
of chemistry is essential to the mineralogist. 


APPENDIX III 
ILLUSTRATIONS CF PRE-CARBONIFEROUS 
FOSSILS 
(arrER CHAPMAN). 


The following illustrations represent some of the more 
characteristic Paleozoic fossils. The relationships of the for. 
mations, mentioned in connection with each illustration, are 


shown on the map, page 162. 


1.—FOSSIL PLANTS. 


(a) ALGm or “Fucorps” (Figs. 112-118). 


Fie, 112 


Lithrophycus Ottawaensis. Bythotrephis tenwis. 
Trenton Formation. Medina and Clinton Formations. 


Fig. 114 Fic. 115 


Arthrophycus Harlani. Rusophycus bilobatus. 
Medina and Clinton Formations, Medina and Clinton. 
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Fig, 116 Fia. 117 


Fucoides (=Spirophyton) cauda-galli. Climactichnites Wilsont. 
Portage-Chemung Formation. Potsdam Formation. 


Fig. 118 
Protichnites. 
Potsdam Formation, 


The impressions known as Climactichnites and Protichnites, 
which occur in the Potsdam formation in the vicinity of the 
town of Perth, Ontario, have been commonly regarded as the 
tracks of crustacea, but they should probably be referred to 
algie, 

(b) Equiserace®. 

This group is represented by one living genus, Zquisetum, 
common species of which are known as “horsetails,” scouring 
rushes, etc. Fossil forms are chiefly represented by Calamites, 
which are abundant in Devonian and Carboniferous beds. 


Fig. 119 
Calamites inornatus. 
Portage-Chemung Formation. 
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(c) LEPIDODENDRACES. 


This group, represented typically by the fossil genera, 
Lepidodendron and Sigillaria, ave entirely Paleozoic. Very 


Fig, 120 
Lepidodendron Gaspianum. 
Devonian, Gaspé. 


probably these extinct types represent connecting links 
between the higher cryptograms and the gymnosperms of 
existing nature. Their remains are found 
in the Devonian, and in great abundance 
in the coal beds of the Carboniferous, 
where they are represented in most cases 
by casts of tree stems, usually fragment- 
ary, but occasionally in lengths of more 
than 80 or 40 feet. 


Impressions of long, narrow, parallel- 


veined leaves, supposed to be the leaves 


of lepidodendroids, are referred to Cor- Fig. 12i 


; ‘ Curdaites angustifolia. 
oe ( 9 
daites (I 1g. 121). Deyonian, Gaspé. 


2.--ANIMAL REMAINS. 
A. —INVERTEBRATES. 
(a) GRAPTOLITES. 


Fossils of the extinct, lowly organized group of animals 
known as graptolites (from graptos, engraved or written, and 


lithos, stone) occur typically as delicate impressions or markings 
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on shale or slate. The annexed figures (122 to 128) show 


gome of the more common or 


Fig. 122 
Graptolithus (Dudymograptus) flexilis. 


Fie, 124 
G. (Didymograptus) pennatulus. 


Fig. 126 
G, (Climacograptus) bicornis. 
Ordovician. 


LOD TELLS POD IIL ADI OF LL LES 


Fie. 127 
G. (Diplograptus) pristis. 
Ordovician. 


Le ALERT AEE AEE SEL 5 
DCSE 


characteristic forms. 


Fi@, 123 
', (Loganograptus) Logant, 


QR 


Fie. 125 
G. (Dieranograptus) ramosus 


Fig, 128 
G. (Phyllograptus) typus. 
Ordovician, 
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Fie. 129.—Monticulipora (Stenopora or Fig. 130.—M. petropolitana, 
Cheetetes) jibrosa. Ordovician. 
Ordovician. 


Fia. 131.— Favosites Gothlandica. lia. 132,—Michelinea convexa. 
Silurian and Devonian. Devonian. 


Fig, 133.—A lveolites eryptodens Fie, 134.—Halysites catenulatus. 
Devonian. Niagara Formation. 


Fie. 135.—Syringopora Maclurea. Fic. 136.—S. Hisingert, 
2vonian, Devonian. 
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Fig. 1387.—Amplexus laxatus. Pia. 138.—Zaphrentis prolifica. 
Devonian, Devonian. 


2 V4 


Fig. 139.-Columnariaalveolata(Gold fuss.) Fig, 140,—Phillipsastrea. 
Black River (Trenton) Formation. Devonian. 


Fig, 141.—Helio, hyllum Halli. Fig. 142.—Cystiphyllwin Senceaense 
Devonian, Devonian. 


Fie. 143.—Petraia. Fia. 144.— Aulopora cornuta. 
Lower Silurian, Devonian. 
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(c) Crinorns. eo oF 


This class comprises the various  so- 
called “sea-lilies” now almost extinct. 
The crinoids are attached typically to 
the sea-floor by a comparatively long, 
flexible stem (Fig. 146). The flower-like 
top is much rarer in the fossil state 
than are fragments of the stem, which 


occur in great abundance in some rocks. 


Fie. 145. Fig. 146. 


Crinoid stem-fragments, Crinoid, “‘stone-lily.” 


Wun = 


Neth 
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Fig. 147, 


Glyptocrinus decadactylus, Tehthyocrinus levis, 


Silurian. Niagara Formation. 
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(¢d) Star Fisu ano Retarep Forms. 


Fie. 149, Fig, 150. 
Petraster Bellalus. Hlemicystites (Agelacrinites) 
Niagara Formation, Billingsii. 

Trenton Formation, 


(e) TrinopirEs. 


This is a very interesting, extinct group 


of animals. They belong to the class 
known as the crustacea, which includes 
the erabs, lobsters and other forms of 


existing nature. 


As shown in fig. 151, the upper covering 
or “back” of the trilobite consists of three 
principal parts, (1) the beckler or head- 
shield, IL; (2) the body or thorax, T; and 


(3) the pygidiwm ov caudal-shield, P. 


Fie 152, Fie. 153. 
Dikelocephalus magnificus Trinucleus concentricus. 
(pygidium only) Ordovician. 
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Fig, 154. Kia. 155, 
Asaphus Canadensis. Asaphus platycephalus. 
Utica Formation. Trenton Formation. 


Fic. 156, Fig. 157. 
Ceraurus (=Cheirurus Phacops Bufo. 

} U 

plenrexanthemus. Devonian, 


Trenton Formation. 
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Fig. 158.—Da'manites limalur ts. Fig, 159.—Harpes Ottawaensis, 
Niagara Formation. Trenton Formation. 


Fig. 160.—Triarthrus Beckii. Fia. 161.—Calymene Blwmenbachii. 
Utica Formation, Silurian. 


Fie. 162.—Homalonotus delphinocephalus. 
a Pv 
Niagara Formation. 


~ 
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(f) Mottusca. 
The reader will see that many of the members of this 
group resemble living forms. 


1.—Brachiopods. 


Fig. 163. Fie. 164. 
Spirifer radiatus. Spirtfer gregarius. 
Niagara Formation. 


Devonian. 


Fig. 165. Fig, 166. 
Spirifer mucronatus. Cyrtina. 
Devonian, Devonian. 


Fig. 167. Fig. 168. 
Spirigera (Athyris) concentrica. Atrypa reticularis. 
Devonian. 


Silurian, Devonian. 


Fie, 169. Fa. 170. 
Centronella-glans fagea. Rhynconella plena. 
Devonian. Chazy Formation. 


€ 
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Fig. 171.—Rhynconella inerebescens. Fig. 172.—Rhynconella (Camerella) varians, 
Trenton Formation, Chazy Formation. 


Fie, 173.—Pentamerus oblongus. 
Clinton and Niagara Formations, 


Fig, 174.—Stropho nena alternata. Fig. 175.—Leptena sericea. 


Ordovician. Ordovician. 


j ; 
Son NS 
M4 Mit \ 
y 


Fia. 176.—Orthis tesutdinaria, Fig, 177.—Strophomena rhomboidalis, 


Ordovician. Silurian and Devonian. 
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Orthis tricenaria. Orthis vanuxemi. 


Trenton Formation. Devonian. 


Fig. 180. Fig, 181. Fig, 182, 
Platystrophia lynx. Lingula acuminata Lingula oblonga. 
Trenton Formation. (=L. antiqua). Medina and Clinton 

Potsdam Formation. Formations. 


2—Mollusca Vera. 


(A)—LAMELLIBRANCHS. 


Fig. 183, Fia, 184. 


Ambonychia radiata. Modiolopsis modiolaris. 


Ordovician. Ordovician. 


bo 
bo 
ou 
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Fig. 185, Fie. 186. 
Cast cf Megalomus (Cyrtodonta) Cana- Leda truncata. 
densis. Post Glacial. 


iuelph Formation. 


(B)—GASTEROPODS. 


Fig. 187. Fia, 188. 
Murchisonia gracilis. Buectnum undatum, 
Ordovician. Post-Cenozoic and living. 


Fie, 189. 


Subulites elongatus. (Internal cast}. 


Ordovician, 
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(C)—CEPHALOPODS. 


AN a Hf 
swt 


‘anal 
_ 


ery 


Fia. 191. 
Orthoceras Lamarcki. Part of siphuncle, natural size, of 
Ordovician. Orthoc-ras (Iuronia) vertebrale, 


Niagara Formation, Lake Huron. 


Fic. 192. Fia. 193. 
Orthoceras (Endoceras) proteiforme. Orthoceras (Ormoceras) crebriseptum. 
Trenton Formation. Ordovician. 
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A figure of an ammonite, another representative of the 
cephalopods, is given on page 19. 


3. VERTEBRATES. 


Tt has been shown, on preceding pages, that the vertebrates 
were of less importance in the Paleozoic than in succeeding 
times. 


The annexed diagram shows, in a general way, the life- 
range and relative importance, during the various eras of 
the earth’s history, of the various classes of Vertebrates, viz., 
(I) Fishes, (A) Amphibians, (R) Reptiles, (B) Birds, (M) 
Mammals. 


ERAS. r i " 3 <i 
Cenozoic... . 
Mesozoic... . 
Paleozoic... 

a Se 
Pre-Cambrian 
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PRICES OF MINERALS, ORES, AND METALS. 


The prices of most of these substances are constantly 


changing. Those given in the following table are aver- 


age market quotations for the year 1926. 


It is impossi- 


ble to state a price for many ores, owing to the fact 


that the cost of extracting the metals from them is 


so variable. 


SuBsTANCE Unir PRICE REMARKS 
ABRASIVES— 
Corundum. .| Lb. $ .038-  .05 | In the form of grains 
Emery..... © 05 Best ground. 
Garnet.....]} Ton 85.00 
Grindstones.| “ 35.00— 40.00 
Diatomace- 
ous Earth.| “ 13.00 Best ground. 
Arsenic, White 
Oxidewer..< « 55.00— 70.00 
Asbestos. .... Me 200.00-375.00 | Best grade, crude. 
Baritescrerecre Ms 7.50 
Bauxite. ..... £ 5.00— 20.00 
Cement,Portl’d]......... 1.70 Barrel, 400 lbs. 
Chrome Ore. .| Ton 8.00 
Clay; Fireee.a\) * 5.00 Ordinary. 
(COA ris seseertte | meee aa b.c' | meepensysh cme ea ens See local market quo- 
tations. 
Cobalt Oxide..| Lb. 2.10— 2.35 


Cryolite...... 0614 
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PRICES OF MINERALS, ORES, AND METALS—Continued 


SUBSTANCE Unir Prick REMARKS 
Feldspar.... . Ton. 8.50 Crude. 
Bluorspaitir. cl) on 13.00— 19.00 
Graphite. .... < 140.00-500.00 | Best flake. 
Gypsum..... os 6.00 Ground. 
Tron Ore..... : 4.00 Price only approximate, 
depends on quality. 
1AGi¥0) bho stan sits & 8.00— 15.00 
Magnesite....| “ 9.00 Crude. 
IMITGR rarcue scene Tobie’ 9 | Beiatas wae ee Depends on size of sheets, 
é.g., Lin. xdin. =12¢.; 
Sine One One: 
Pyrite: ccs. Ton. 2.00— 4.00 | Containing about 45% 
Sulphur. 
Petroleum... .| Barrel. 2.00- 3.50 | Crude. 
Sallttas cayerneas Ton. 3.50 
Sulphur... .. - 19.00 
Pa Gatrnscc stevens £ 20.00— 27.00 | Tirst Grade. 
Mertrars— 
Aluminium .} Lb. .28 
Antimony...| “ ll- —-.28 
Bismuth....| “ 2.65- 2.70 
Copper..... 13-14 
Cobalteeassl) as 2.50—- 2.75 | See Cobalt Oxide. 
Gold. .. Troy Oz.| 20.67 
ronan Ton. 20.42 Pig Iron. 
Thesdees.s=- Lb. .08- —-.09 
IMercoryae- | 1.23 
Nickele cs. .| 27 
Platinum...| Troy Oz.| 113.27 
Silver...... : 62 
Atiileecageel| oy 65 
HW So5 nencne - 071 
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MINERAL PRODUCTION OF CANADA 


The statistics for the mineral production of Canada 
for the year 1927, as prepared by the Dominion Bureau 
of Statistics, are included here so as to give an idea 
not only of the diversity of mineral products in Canada, 
but of their importance from an economic point of view. 


Ives 


M PTALLIC 


PATH ULTIN LUNG epee tema Tiere ees/ ais tanec lb. 
AATBOTUIGCAS2OS) ier anecn tous eretecs oe lb. 
IBismuthiene 200s aiasron Sarna ae Ib. 
OG Wall htevarenc.caornnccshetnes gine ee nos lb. 
(Glo) 0} oe ees eee ewe TA OeheerE Sar Ib. 
Gold. Bee PO hfe Mee sgh a VEE nates fine oz. 
Tron ore sold for ‘export fos, eee ae tons 
TE GaG eee hOn Selec ease cota sates lb. 
Nulolhyexelsiaunice Ga agen a noee ae onae lb. 
INT: ee ee ea pete de ene lb. 


Palladium, Rhodium, Tridium, ete.fine 07 


Platina seances cies Gaba es fine oz. 
Dil vGrernniee ce cwnctratieaetue ty arenes fine oz. 
PAIN Oey Sess keeper ese hts REE ENED Ib. 
MO tanec even sesnsue oes 7 
Non-Meratiic 
Fuels 
GO ailepeetie ct nie syclihevenss oe mera ceseat tons 
ING Uluiall MOS ener eu cte ee eae ncee M. cu. ft. 
Petrolemn, erucdes «vue sau ee cela. brls. 
ARO ALS, cx. ara or cyavesoetin emcee ver 


Other Non-Metallic Minerals 


INCHING LUCen crc fered eMart amred rea tons 
INSDESUOS aa clts wh Kiedis Weld bana ese SOUS 
Ba S reas atacar erage a cve aneee tasieiap suas tons 
Bituminous sands. 9 .0......... tons 
DIaOnhe Meccan rt a ieee CONS 
Heldspsneee cect aes ci ee COnS 
(Gre o) WIC arene mica aac ureE ee tons 
Grinding pebbles.............. tons 
(CrmiNelAnONe sooo wean eneaD he tons 
GySUM ee eeeaistene miouety aye herons eos tons 
TROTGSICES! vermis. Heeine sea rrcisee tonto tons 
ISTO TTESTOG dvs. r0y a) ceeseretc ns sonatas aaee tons 
INIIGHireatncn ca teraenclctteriete ate: went 5 tons 


66, 798, 717 


QUANTITY VALUR 

1927 1927 

$ 
6,192,968 211,279 
2,072 1,008 
877,875 1,763,543 
140,141, ae 17,194,955 
1,844.5 38,130,107 
Bes 8,980 
310,183,455 16,411,980 


15,262,171 


11.545 554,190 
11,217 716,653 
22,618,184 12,747 ,024 
168,605,046 10,133,697 
aie 113,135,582 
17,411,505 61,809,672 
20,529,873 7,741,661 
479,503 1,529,145 
71,071,478 

86 1,075 
275,461 10,624, 106 
56 1,268 

2,706 10,824 

266 6,650 
28,677 Zt 50, 954 
1,848 111,713 
"2,951 125,017 
1,039,562 3,214,356 
6,116 103,368 
(EpPye 230,309 
3,366 182,421 
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Irems QuaANTITY VALUE 

1927 1927 

Other Non-Metallic Minerals—Continued $ 
WitnGreall \iGhiSenes oa onda an ase gals. 303,529 14,686 
Natro-alunite........:...- ne WOLOS 7 248 
BRosphatesie onc. cts cet. as tons 163 2,106 
lea iaaielsken aleelnene eeeenererteers Owe nose can tons 52,763 207,988 
QUiietitieeme eae nels wane ctsrenste charset tons 204,429 385,400 
Saale emeeortns, Meeeei tiaeets ercieinae een ce tons 268,672 1,623,557 
fSyllitets) loailics 6 fp come eaneenronoe ae M 1,791 79,527 
Sodium carbonate............. tons St 3,170 
Hodium:-sulphate.......4-.-... Lons 5,659 11,319 
Talcvand soapstone... .-....... tons 16,516 235,749 
Molcamicedustiae gaan earn eee tons 105 735 
WO Ealllriica scenes sper ote nL aplemeens 17,426,546 

Cray Propucts AND OTHER Srruc- 
TURAL MATRRIALS 
Clay Products 
Brick— Soft mud process/Face... M 22,011 423,758 
Common M 53,345 850,880 
Stiff mud process{Face.... M 97,906 2,057,986 
(wire cut) \Common M 144,154 2,149,469 
Dry press... .. =: fFace.... M 39,379 829,600 
Common M 14,507 185,190 
Fancy or ornamental brick M 870 50,900 
Sie IWS, oo oo bansonne M 10,997 210,643 
2esvires| onlin So Gueenenes Nl 50 2,106 
IMRAN, poco onceoancen IN 5,306 242,375 
Fire clay and other clay........ tons 5,425 34,525 
Fire clay blocks and shapes...........] =. ..--. 100,659 
HOU Ow: BlOCKSeeeeraeraeeeei cas sees tons 149,801 1,418,437 
VOO LI still Gx ea ee ayer steee No. 2,000 140 
Floor tile (quarries)............ sq.ft. 209,092 46,127 
Ceramic or glazed floor and wall tile....)  ...... ]  ...5.. 
ID WES Be wowenoceeneseaess | aul 21,829 604,619 
Sewer pipe,copings, flue linings,ete. tons Wie, 262 1,475,875 
Pottery, glazed or unglazed.......... Mane 311,385 
BENtONILCeaarss acu teiacscnnme. 5 DOLS! Ih © 5-4 cvenicetl | eae 
MBO tale eer cere ee | ee eee 10,994,674 
Other Structural Materials 

Garni ciiterermeret cree teatime Ae brl. 10,065,865 14,391,897 
IMMO, coocont cen sb eedeneoey [ows || Teves) 3,927,084 
Sand and Gravel. ............. tons | 17,550,969 4,773,992 
RUOMCR ere, seers «siete ches sietsieteesen ee tons M800, USF 8,798,845 
VOCALS a aacmeten ee er | name Pee: 31,891,818 
Grand@Lotalews eee 244,520,098 
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APPENDIX V 


The following list contains the names of a few books which 
can be procured through any bookseller and in many instances 
will be found in the public libraries. Some of the more 
elementary works, indicated by the lower prices, especially 
those on geology, should be read to supplement ‘Minerals 
and How they Occur.” 


Prices Subject 
to Change 
Brush & Penfield....... “*Manual of Determinative Miner- 
alogy and Blowpipe Analysis” $6.00 


Chamberlain & Salisbury ‘‘Geology,” Vols. I, TI & III, Each 5.00 


Coleman and Parks,..... ‘*Klementary Geology”........ 3.50 

Daniarrs sai savasetr eee SGeological Ss bOry ye. ercetnree ayeete 1.40 

BID cyt ave cu nc yoteresietassie wise ‘*Manual of Geology” ......... 6.00 

SS Menehessrecens ree aE GY odscene “Minerals,and How to Study Them” 3.50 

ame cue csrers Mrexeiicieieysueh *«Text-book of Mineralogy”.... 7.60 

WS Geodubad AxonOeee “‘System of Mineralogy”....... 22.50 

Hakless «si. se steatsiec eee liners le ADlestccay cacti 1.25 

itjerrvy ep We 18 beactangee “General Economic Geology”’.. 4.00 
Ae eteacerctanc “The Principles of HKconomic 

(Geol Oday eiintan ep rasnyisearer- 5.00 

(CRONE wstoisiarawteteteee nies **Text-book of Geology,” 2 vols. 10.75 

Grabaltive s....ccsmacwee ss “Text-book of Geology”....... 6.00 

KOMP ace esorereo etsieuntcrsrstole ‘*Handbook of Rocks” ........ 2.00 

Nie Conte, <5 eis eaves 5 2 n05) 615 “Compend of Geology”........ 1.40 

PO se GAS OHIO “Elements of Geology”........ 6.50 

Iles anbracnnooooa: “Determinative Mineralogy”... 1.50 

Dandpren) <2) cie<iss ess **Mineral Deposits”. .........» 7.00 
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Moses & Parsons...... “‘Mineralogy, Crystallography, 

and Blowpipe Analysis”..... $3.00 
Pirrson & Schuchbert ... ‘‘Text-book of Geology”....... 3.00 
SIRLG See eeye ner etetretclonniciretcrersver ss “Heonomic Geology”.........- 5.00 
Ries & Watson. ........ “Hngineering Geology” ....... 5.00 
ROWERS cco siareye «/sre)eleiel eres “Study of Minerals and Rocks” 4.00 
SCM, oosoodngaasasudas **An Introduction to Geology”. 4.00 
DNALSMcrescre701 6 so oaocun: “First Book of Geology” ...... 1.28 
Wide ternaerereiciererere peep LOnystalloonaplivacsevetseteersratete 2.00 
VY GtSiovei pis vereheraiie cel elelsraver< “Geology for Beginners” ...... 1.10 


Price lists of papers and reports on the mineralogy and 
geology of Canada and the United States, and geological maps, 
are to be had by addressing the Director of the Geological 
Survey at Ottawa or Washington, respectively. Various 
provinces and states also have Geological Surveys or Depart- 
ments of Mines which publish reports, Lists of these reports 
can be obtained from the respective Directors, 


INDEX 


A 


Abrasive materials, 84, 98, 168, 
180; prices of, 228. 

Accessory minerals, 121. 

Acetic acid, 200. 

Acid feldspar, 93, 121. 

Acid igneous rocks, 119. 

Acids, treatment of 
with, 200. 

Actinolite, 96. 

Adamantine lustre, 46. 

Adit, 177. 

AKFolian rocks, 131. 

Agate, 77, 126, 185. 

Age divisions of rocks, 153, 158. 

Age of rocks, 19, 118, 151. 

Age of invertebrates, 164; fishes, 
164; man, 167; reptiles, 165; 
amphibians, 165; mammals, 
166. 

Agencies, geological, 1, 23-35, 
114, 140. 

Agglomerate, 131. 

Agriculture, 168, 185; soils 29, 
135, 187; fertilizers, 139, 185. 

Air, action of, on rocks, 26, 31. 

Air, carbon dioxide in, 192. 

Akron, 158 

Alabaster, 105. 

Albite, 92. 

Alcohol lamp, 198. 

Algae, 141, 212. 


minerals 


Algoman series, 154, 155, 158. 

Alkali metals (see potassium and 
sodium). 

Alkalies, 105, 183. 

Alkaline earth metals, 106, 183. 

Alkaline sulphates, 192. 

Alkaline waters, 180. 

Alloys, natural, in meteorites, 
64; gold, 60; nickel steel, 70. 

Alloy, soldering metal, 203. 

Almaden, Spain, 71. 

Alteration of rocks and minerals, 
10, 18, 23-35; feldspar, 93; 
granite, 121; sandstone, 132; 
limestone, 139. 

Alum, 185. 

Aluminium, ore of, 84, 171; price 
of, 229. 

Aluminium sulphate, 185. 

Alundum, 84. 

Alveolites, 216. 

Amalgam, 61. 

Amalgamation, 61. 

Amber, 59. 

Amber mica, 90. 

Ambonychia, 224. 

Amethyst, 75. 

Ammonite, 19, 164, 227. 

Amorphous structure, 7, 142. 

Amphibians, 158, 165, 227. 

Amphibole, 52, 94, 140. 

Amplexus, 217. 
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Amygdaloidal structure, 126, 
143. 

Analyses of clay, kaolinite, fire 
clay, 135; of limestones, 138. 

Andesite, 119, 126. 

Angles of crystals, 42, 95. 

Angle of dip, 147, 189. 

Anhydrite, 107. 

Animals, destructive action of, 
32; formations due to, 32, 114; 
preservation of remains, 17, 
152; fossil, 19, 20, 163, 214-227. 

Animikean, 154, 158. 

Animikie series of rocks, 154, 
155, 156. 

Anorthite, 92. 

Anorthosite, 124. 

Anthracite, 58, 190. 

Anticline, 118, 144, 145. 

Antimony, 60, 71, 229. 

Anvil, 203. 

Apatite, 53, 109, 140, 185. 

Apparatus, blowpipe, 200. 

Aquamarine, 185. 

Aqueous origin, ores of, 172. 

Aqueous rocks, 21, 114, 120, 129- 
142, 144. 

Aragonite, 87. 

Archean, 154. 

Archeology and geology, 167. 

Arenaceous rocks, 132. 

Argentiferous, 62. 

Argentite, 51, 72. 

Argillaceous, defined, 133; lime- 
stones, 86, 133, 187, 191; 
sandstones, 133; odor, 102, 

Arid regions, 141. 

Arizona, 63, 169. 

Arkose, 133. 

Armour plate, 70. 


Arsenic, 68. 

Arsenic in paints, 184. 

Arsenic trioxide, 68, 69, 228. 

Arsenides, 55, 203, 204. 

Arsenopyrite, 68. 

Artesian wells, 193. 

Artificial abrasives, 181. 

Artois, France, 193. 

Arthrophycus, 212. 

Asaphus, 220. 

Asbestos or asbestus, 96, 100, 
181; price of, 228. 

Ash, voleanic, 34, 131. 

Ash beds, 131. 

Ashby township, Ont., 98. 

Association of minerals, 171, 175. 

Athyris, 222. 

Atikokan, Ont., 81. 

Atlin Dist., B.C., 63. 

Atmospheric agencies, 117. 

Atrypa, 222. 

Atom, 209. 

Atomic weight, 209. 

Augite, 94, 127. 

Aulopora, 217. 

Auriferous, defined, 60; 69, 169. 

Axes, crystallographic, 37. 

Azoic era, 157, 158. 

Azurite, 52, 89. 


B 


Back-bones of fish, 20, 164. 

Banded structure, 6, 180; vein, 
180. 

Barite, 53, 107, 171, 174; in 
paint, 184; price of, 228. 

Barium, 106; carbonate, 192. 

Barriefield, common section, 116. 

Barytes (see barite). 

Basal plane, 41. 


INDEX 


Basalt, 119, 126, 143. 

Basaltic structure, 127. 

Basic igneous rocks, 119. 

Basie lavas, 158. 

Batholith, 143. 

Bauxite, 84, 171, 185; price of, 
228. 

Beads of borax, 205. 

Beaver, geological influence of, 32. 

Bedded clay, 134, 158; vein, 173. 

Bedded structure, 6, 9, 134, 144. 

Bedding, 30. 

Bed or stratum, 118. 

Bed-rock, 187. 

Beekmantown formation, 158, 
161, 162. 

Bertie, 158. 

Beryl, 103, 171, 185. 

Bessemer steel, 81. 

Biotite, 53, 90. 

Birds, fossil, 166, 227. 

Bismuth, native, 60. 

Bismuth, price of, 229. 

Bismuth, test for, 73. 

Bismuthinite, 73. 

Bituminous coal, 57, 189. 

Black minerals, 51. 

Black jack, 71. 

Black lead, 55. 

Black mica, 90. 

Black River formation, 158, 162 

Blast furnace, fuel for, 57. 

Blende, zine, 52, 71. 

Blocks, voleanie, 34. 

Blown sand, 31, 131. 

Blowpipe tests, 195. 

Blowpiping, books on, 232. 

Blue glass, 184, 202. 

Body or thorax, 219. 

Bog-iron ore, 52, 81, 172. 
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Bog-lime, 139. 
Boiler covering, 183. 
Bones, as fertilizers, 187. 
Books, list of, 232. 
Borax bead, 205. 
Borax in blow-piping, 199, 204, 
205. 
Borax, occurrence of, 194. 
Bornite, 50, 68. 
Boss, 118, 121, 148. 
Botany, 1, 152. 
Botryoidal structure, 36, 77. 
Boulder, 2. 
Boulder-clay, 9, 133, 158. 
Brachiopods, 163, 222. 
Brass tubing, 196. 
Breccia, 13. 
Brecciated structure, 13. 
Brick, 102, 134, 168, 190. 
Brick clay, 9, 10, 190. 
Bricks, white coating on, 192. 
Brine, 74, 194. 
Briquettes, peat, 57. 
British Columbia, 169, 170, 171, 
Brown coal, 57. [190. 
Brown hematite, 81. 
Brown ochre, 81. 
Buccinum, 225. 
Buckingham, Que., 56. 
Buckler or head-shield, 219. 
Building stone, 132, 138, 168, 
185, 191. 
Bunsen burner, 196. 
Burn, minerals which, 203. 
Butte, Montana, 169. 
Bythotrephis, 212. 
Cc 
Cairngorm, 76. 
Calabogie, Ont., 56, 107. 
Calamites, 213, 
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Caleareous rocks, 136. 

Calcite, 18, 53, 85, 136, 140. 
Calcite, effervescence of, 200. 
Calcium, 105. 

Calcium carbide, 139. 

Calcium carbonate, 18, 86, 136. 


Calcium fluoride, 75. 

Calcium oxide, 18, 190. 

Calcium phosphate, 109, 187. 

Calcium sulphate, 105, 107, 141. 

Calculation, chemical, 210. 

California, oil in, 58; gold, 169. 

Calymene, 221. 

Cambrian system, 154, 157, 158, 
160. 

Candle in blowpiping, 196. 

Carats, fine, 60. 

Carbon, 55. 


Carbonate of soda, 199. 

Carbonates, 55, 84, 199. 

Carbon dioxide, 26, 86, 101. 

Carboniferous system, 158, 165, 
188, 213. 

Carborundum, 181. 

Carbuncle, 98. 


Carnelian, 78. 

Cascapedia, Que., 71. 

Cassiterite, 52, 84, 121, 172. 

Cataract formation, 158, 162. 

Cat’s eye, 78. 

Caudal shield, 219. 

Caverns, 25, 172. 

Caves, 139. 

Cayugan, 158, 161, 162. 

Celestite, 53, 107. 

Cement, 168, 191. 

Cementing material of sedimen- 
tary rocks, 23, 133. 

Cement, Portland, price of, 228. 
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Cenozoic era, 158, 227. 

Centronella, 222. 

Cephalopods, 164, 226. 

Ceraurus, 220. 

Cheetetes, 216. 

Chalcedony, 77, 142. 

Chalcocite, 50, 72. 

Chaleopyrite, 50, 67, 170. 

Chalk, 139. 

Chalybeate springs, 193. 

Changes in earth’s crust, 1, 114. 

Charcoal, 199, 202. 

Chazy formation, 158, 162, 222. 

Cheirurus, 220. 

Chemical, compound, composi- 
tion, 3, 7, 209; elements, 210; 
equation, 211; formula, 209; 
manufacture, 168, 185; re- 
agents, 199; symbol, 209; 
tests, 195, 200. 

Chemically-formed rocks, 141. 

Chemistry, 1, 211. 

Chemung formation, 158, 161, 

Chert, 77, 142. [162. 

Chlorides, 73. 

Chlorides, in water, 193; test 
for, 207. 

Chlorine, 201. 

Chlorite, 53, 101, 140. 

Chrome iron ore, 51, 228. 

Chromite, 51, 228. 

Chromium, test for, 206. 

Chrysolite, 97. 

Chrysoprase, 78. 

Chrysotile, 100. 

Cinnabar, 72. 

Citric acid, 199. 

Classes of rocks, 21, 114. 

Classification of minerals, 54. 

Clastic rocks, 114. 
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Clay, 8, 9, 10, 11, 133-135, 171, 
185. 

Clayey-limestone, 137. 

Clay, fire, 135, 228. 

Clay for bricks, 9, 135, 190. 

Clay ironstone, 79. 

Clay-slate, 10, 150. 

Clay-soil, 135, 186. 

Cleavage, 3, 43, 70, 89. 

Cleavage angle, 95. 

Cleavage in slate, 150. 

Cliff, 27. 

Climacograptus, 215. 

Climactichnites, 213. 

Climate, indicated by fossils, 19. 

Clinkers in coal, 57. 

Clinometer, 189. 

Clinton formation, 158, 162, 212. 

Closed tube, 106, 199, 207. 

Cloth, asbestos, 182. 

Coal beds, 184, 140, 190. 

Coal fields, 58, 160, 188, 190. 

Coal measures, 158, 161, 183. 

Coal, mineral, 56, 140, 1738. 

Coal mines, 16, 190. 

Coal seams, 188. 

Coal, sulphur in, 57, 191. 

Coarse-grained rocks, 116. 

Coating on charcoal, 202. 

Coating, white, on bricks, 192. 

Cobalt, 69, 229. 

Cobalt, as coloring agent, 184; 
arsenate, 69; arsenide, 69; 
bloom, 69; nitrate, 106, 199; 
oxide, 228; solution, 199, 202; 
sulph-arsenide, 69; test for, 
206. 

Cobaltite, 51, 69. 

Cobalt, Ont., 62, 72, 

Coinage, 61, 70. 


156, 169. 
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Coins, gold, 61. 

Coke, 57. 

Color, 46. 

Columnaria, 217. 

Columnar structure, 126, 127, 
143. 

Combining weight, 209. 

Comox, B.C., 190. 

Compass, 148, 189. 

Composition, chemical, 
210. 

Composition of earth’s crust, 1, 
54. 

Compounds, chemical, 209. 

Conchoidal fracture, 43, 76, 108. 

Conerete, materials of, 191. 

Coneretions, 10, 11, 77, 136. 

Cone, volcanic, 33. 

Conglomerate, 12, 115, 133, 155. 

Consolidation of rocks, 23. 

Constancy of crystal angles, 42. 

Contact, 118, 130, 172. 

Contamination of water, 193. 

Contorted rocks, 152. 

Contraction of rocks, 149. 


3, 7, 


Copper, 63. 

Copper glance, 50, 72. 

Copper, native, 50, 63, 
169. 

Copper, ores of, 169. 

Copper, price of, 229. 

Copper pyrites, 67, 170. 

Copper sulphate, 89. 

Copper, test for, 200, 201, 206. 

Coral reef, 137. 

Corals, 19, 20, 137, 216. 

Cordaites, 214. 


Corniferous formation, 157. 


156, 
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Cornwall, England, 84, 171. 
Corundum, 82, 105, 140, 181, 
184; price of, 228. 
Cracks, mud, 15, 16. 
Craigmont, Ont., 83, 84. 
Crater, volcanic, 33. 
Cray-fish, 20. 
Cretaceous period, 158, 190. 
Crinoid, 20, 218. 
Crow’s Nest Pass, coal at, 190. 
Crucible, 55, 63, 182. 
Crumpling of rocks, 118. 
Crushed stone, 191. 
Crustacea, 219. 
Crust of the earth, 1, 114. 
Cryolite, 171, 228. 
Crystal, defined, 7, 36. 
Crystalline limestone, 21, 121, 
139, 158, 182; as decorative 
material, 191;mineralsin, 140. 
Crystalline schists, 115. 
Crystalline series of rocks, 153. 
Crystallography, 36, 113. 
Crystallography, books on, 232. 
Crystals, classes of, 37, 113. 
Crystal systems, 37. 
Crystal, twin, 39, 105. 
Cube, 38. 
Cubic foot of water, 49, 66. 
Current bedding, 144. 
Curvature of rocks, 145. 
Cyanidation, 61. 
Cyrtina, 222. 
Cystiphyllum, 217. 
D 
Dalmanites, 221. 
Decay of rocks, 187. 
Decomposition of rocks, 
124 1325 187. 
Decorative materials, 168, 184. 


114, 
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Decrepitation, 75, 107, 201. 

Definite chemical composition, 7. 

Dehydrate, 106. 

Delaware, 158, 161, 162. 

Deloro, Ont., 69. 

Dendritic, 36. 

Denudation, 114. 

Deposition of sediment, 30, 114. 

Deposits, classification of ore, 
172. 

Depression, 34. 

Description of minerals, 54-110. 

Determination of minerals, table 
for, 50; books on, 230. 

Devonian system, 157, 158, 164, 
189, 214, 216, 217. 

Diabase, 119, 127. 

Diallage, 96, 124. 

Diamond, 56, 181, 184; drills, 
181. 

Diatom, 78, 140. 

Diatomaceous earth (tripolite), 
78, 140, 228. 

Dicotyledons, 165. 

Dicranograptus, 215. 

Didymograptus, 215. 

Dike, 116, 118, 142, 151. 

Dikelocephalus, 219. 

Dimorphism, 66. 

Diorite, 119, 124. 

Dip, 118, 146, 147, 148, 188, 189. 

Dip-fault, 179. 

Diplograptus, 215. 

Dissolving in acids, 200. 

Distillation of coal, 57, 58. 

Distorted crystals, 42. 

Dodecahedron, 38, 65, 97. 

Dog-tooth spar, 85. 

Dolerite, see diabase. 

Dolomite, 53, 87, 140, 200. 
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Dolomitic, 137. 
Double refraction, 87. 
Downthrow of fault, 179. 
Drainage, 187, 193. 
Drifts or levels, 176. 
Drill holes for oil, 59. 
Drills, diamond, 181. 
Ductile, 46. 
Dundas formation, 158, 161, 162. 
Dunes, 31, 131, 158. 
Dust, gold, 61. 
Dyke (see dike). 
E 
Karth, crust of, 1, 114. 
Earth, planet, 1. 
Earthquake, 34. 
Earth’s history, 153. 
Earth’s surface, 114. 
Earthy, 46, 101. 
Economic importance of the pre- 
Cambrian rocks, 156. 
Economic notes, 168. 
Eddies, 144. 
Edmonton, 190. 
Effervescence, 10, 86, 200. 
Efflorescence on bricks, 192. 
Effusive (or voleanic) rocks, 115. 
Elastic, 89. 
Eleolite (synonym of nepheline), 
104. 
Elements, table of, 209, 210. 
Elevation of land surface, 34. 
Emerald, 104, 184. 
Emery, 82, 181, 228. 
Endoceras, 226. 
Enstatite, 96. 
Hocene period, 158, 160, 166. 
EKohippus, 166. 
Eozoic era, 157, 158. 
Epidote, 102. 
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Epochs, geological, 157. 

Epsom salt, 106. 

Epsomite, 106. 

Equisetacexr, 213. 

Equisetum, 213. 

Kquus, 167. 

Eras, geological, 157. 

Krosion, 151, 155. 

Kruptive rocks (see 
rocks), 115-129. 

Erythrite (cobalt bloom), 69. 

Essential minerals, 5. 

Estevan, 190. 

Evaporation, 141, 194. 

Evolution (succession) of species, 
165, 166. 

Expansion by heat, 31; by cold 
28. 

Experiments on minerals, 200. 

Explosions, voleanic, 33. 

Extraction of gold, 61. 


F 


Fairy stones, 10. 

False-bedding, 144. 

Faults, 146, 178; models of, 178, 
179. 

Favosites, 19, 20, 216. 

Feel of minerals and rocks, 45, 
53, 79. 

Feldspar, 3, 52, 91, 101, 140, 
185, 186. 

Feldspar group, 91. 

Feldspar, lime, 92; potash, 92; 
soda, 92; cleavage of, 3, 93, 
94; uses of, 94; hardness, 4, 
93; composition of, 92; acid, 
93; price of, 229. 

Feldspathoid, 104. 

Felsite, 125. 


igneous 
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Ferric oxide, 133, 203. 

Ferrous carbonate, 88. 

Ferruginous deposits, 140. 

Fertilizer, 106, 110, 185. 

Fetid odor, 48. 

Fibrous structure, 96, 100. 

Viliform, 36. 

Field tests of minerals, table of, 
50-53. 

File, 198, 199. 

Fire brick, 102. 

Fireclay, 134, 185, 181, 227. 

Fire opal, 79. 

Fire-proof material, 100, 182. 

Fire works, 107. 

Fishes, 164, 227. 

Fissure, 23, 114, 116. 

Fissure vein, 173. 

Fjords, 29. 

Flagstone, 132. 

Flame, blowpipe, 196. 

Flame-coloration, 88, 202. 

Flexible, 5, 89, 100. 

Flin Flon Mine, Manitoba, 68, 
156. 

Flint, 77, 142. 

Flow structure, 130. 

Fluid matter, 114, 116. 

Fluid, petroleum, 58. 

Fluorescence, 75. 

Fluorides, 55, 738. 

Fluorite (fluor spar), 75, 99, 171, 
174, 194. 

Fluor spar, price of, 229. 

Fluxes, 75, 138. 

Flux, blowpipe, 203. 

Foliation (of schist), 22. 

Folding of rocks, 115, 144, 145. 

Fool’s gold, 65. 

Footprints, fossil, 16. 
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Foot-wall, 147, 178, 178. 

Forceps, 198. 

Forest, 32. 

Formations, geological, 157, 212- 
227. 

Formula, chemical, 209. 

Fossilization, 17. 

Fossils, 17, 188, 187, 152, 155, 
212-227. 

Foundry castings, 81. 

Fracture, 43, 117. 

Fragmental rocks, 21, 114, 155. 

Frank, 190. 

Frauds in mining, 175. 

Freestone, 132. 

Frogs, 165. 

Frontenac County, 171. 

Frost, 28. 

Fucoids, 163, 212. 

Fuel and flames, blowpipe, 196. 

Fuels, mineral, 168, 188. 

Fusibility, 47, 198, 201. 

Fusion, 201, 204. 

Fusion with borax and salt of 
phosphorus, 204. 


G 


Gabbro, 96, 119, 124. 

Galena, 51, 70, 140, 170; argen- 
tiferous, 169. 

Galetta, Ont., 71. 

Gangue, 174. 

Garlic odor (mispickel), 48, 203. 

Garnet, 52, 97, 140, 181, 185; 
price of, 228. 

Garnetiferous mica schist, 180. 

Gases, 26. 

Gas from coal, 57. 

Gas, natural, 188. 

Gasteropods, 225, 
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Gelatinizing of silicates, 
200. 

Gem, 84, 98, 99. 

Gemstone, 184. 

Genesee, 158, 161. 

G.S.C. (Geological Survey of 
Canada), Reports of, 233. 

Geological books, 222. 

Geological map, 156, 162. 

Geological record, 153, 158, 159. 

Geological science, 1. 

Geological time scale, 153, 158. 

Geology, 1. 

Gersdorfitte, 69. 

Geyser, 78. 

Glacial clays, 190. 

Glacial period, 158, 163, 167. 

Glaciation, 28. 

Glaciers, 30, 187. 

Glass, 50, 168, 190. 

Glass, cutting, 181. 

Glass, coloring of, 184. 

Glasses, colored, 202. 


105, 


Glass, magnifying, 4, 198, 199. 
Glass, manufacture of, 190. 
Glass tubes, 199. 

Glassy, 46, 116. 

Glassy rocks, 119. 

Glauber salt, 106. 

Glauconite, 186. 

Globular structure, 107. 
Glyptocrinus, 218. 

Gneiss, 6, 118, 121, 155. 

Gneiss, granite, 6. 

Goderich, Ont., 74. 

Gold, native, 50, 55, 60, 65, 
Gold, price of, 229. [169. 
Goniometer, 42. 

Goudreau, Ont., 66. 

Gossan, 67. 
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Grand Forks, B.C., 75. 

Grand River, 106. 

Granite, 2, 76, 119, 121, 158. 

Granite, jointing in, 150. 

Granite-porphyry, 122. 

Granitoid-gneiss, 155, 158. 

Graphic granite, 121, 122. 

Graphite, 51, 55, 1389, 182, 184; 
from coal, 58. 

Graphite, price of, 229. 

Graptolites, 214. 

Gravel and sand, 8, 114, 155. 

Greasy lustre, 100. 

Great Lakes, 157, 163. 

Great Salt Lake, 74. 

Green as a color of minerals, 88, 
96, 97, 99, 100, 101, 103, 109. 

Greensand (glauconite), 186. 

Grenville, sertes of rocks, 154, 
155, 156, 158. 

Grinding and _ polishing 
terials, 168, 180. 

Grindstone, 84, 180, 228. 

Grist mills, stones for, 180. 

Groups of rocks, 21, 157. 

Guano, 110. 

Guelph formation, 158. 

Gypsum, 53, 105, 141, 185; 
price of, 229. 


Hi 

Hematite or hematite, 50, 52, 

095 ils 
Hackly fracture, 43. 
Hade (dip), 179. [158. 
Haileyburian series, 154, 155, 
Halite or rock salt, 53, 78, 194. 
Halysites, 216. 
Hamilton formation, 158, 162. 
Hanging-wall, 147, 173. 


ma- 
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Hard heads, 129. 

Hardness of minerals, 4, 5, 43. 
Hardness, seale of, 111. 
Harpes, 221. 

Hastings County, Ont., 105. 
Head shield, 219. 
Hearthstone, 79, 100. 
Heat-formed rocks, 114. 


Heat, materials to withstand, 
168, 181. 

Heavy spar, 53, 107. 

Hedley, B.C., 69. 

Helderberg formation, 158, 162. 

Helen Mine, Ont., 82, 88. 

Heliophyllum, 217. 

Hematite, 50, 52, 79, 171. 

Hexagonal system, 37, 39. 

Hills, sand, 31, 131. 

Hipparion, 166. 

History, earth’s, 153. 

History, geology and archeology, 
157, 167. 

Homalonotus, 221. 

Horizontal strata, 149. 

Hornblende, 94. 

Hornblende-syenite, 123. 

Hornstone, 77. 

Horse, ancestry of, 166. 

Horse-flesh ore, 68. 

Hot springs, 142. 

Houghton, Mich., 169. 

Human period (age of man), 158. 

Hunters’ Island, Ont., 80. 

Huron formation, 158. 

Huronia, 226. 

Huronian system, 155, 156. 

Hydraulic cement, 86, 137. 

Hydraulic limestone, 86. 

Hydrocarbons, 56. 


MINERALS AND HOW THEY OCCUR 


Hydrochloric acid, 199. 
Hydrofluorie acid, 75. 
Hydrous minerals, tests, 207. 
Hypersthene, 96, 124. 


I 


Ice, 28. 

Ice age (glacial), 158. 

Iceland spar, 86. 

Ichthyocrinus, 218. 

Idaho, lead, 170. 

Tgneous complex, 154. 

Igneous origin, ores of, 124, 172, 
174. 

Igneous rocks, 21, 114; ore min- 
erals in, 174. 

Tluminating materials, 58, 168, 
188. 

Imitative shapes of minerals, 36, 
HUG 

Impervious bed of rock, 193. 

Impregnated wall, 173. 

Inclination of rocks (dip), 148. 

Inclined axes, crystal, 37. 

Indian arrow heads, 77. 

Induration (hardening) of clay, 10. 

Infection from water, 193. 

Infusorial earth, 140, 180. 

Insulating material, 90. 

Insoluble minerals, 201. 

Interglacial clays, 190. 

Intrusion, 142, 151, 155. 

Intrusive rocks (see igneous). 

Invertebrates, 159, 164. 

Tridescent, 56. 

Iron cap, 67. 

Tron, carbonate, 88; chromic, 51; 
deposits, 156; magnetic, 80; 
meteoric, 64; native, 64; ox- 
ides, 79; sulph-arsenides, 68; 
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sulphides, 64; test for 203-4-6; 
price of, 229; as coloring agent, 
64. 

Iron ores, 79, 80, 170; price of, 
229. 

Iron pyrites or pyrite, 50, 64, 
171, 185; price of, 229. 

Tron pyrites in coal, 57; oxida- 
tion of, 192. 

Isometric crystals, 37, 65. 

Isomorphous, 97. 


J 


Jasper, 13, 77, 171. 

Jewelry, minerals in, 184, 185. 

Jointed structure, 148. 

Jointing in limestone, 149; in 
granite, 149. 

Joints, 148, 149. 

Jurassic period, 158, 165. 


K 


Kamloops, B.C., 73. 

Kaolin, 101, 135, 229. 
Kaolinite, 93, 99, 133. 
Kaolinization of feldspar, 93. 
Keewatin system, 154, 158. 
Keweenawan system, 154, 158. 
Kirkland Lake, Ont., 61, 156. 


L 


Labradorite, 92. 

Laccolite, 143. 

Lake Huron, 156. 

Lake Superior diamonds, 78. 
Lake Temiskaming, 170. 
Lamellibranchs, 224. 
Lamination, 135. 

Lamp for blowpipe, 196. 
Land plants, 189. 
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Land plaster, 106, 185. 

Laurentian system, 154, 158. 

Laurentide hills, 140, 154. 

Lava, 143. 

Leaching, 67. 

Lead, 70. 

Lead, price of, 229; oxide, 70; 
sulphide, 70; paint, 184. 

Lead, ores of, 170, 175. 

Leda, 225. 

Lenticular veins, 173. 

Lepidodendron, 214. 

Leptena, 223. 

Lethbridge, 190. 

Levels or drifts, 176. 

Life, 32, 163. 

Lightning, 31. 

Lignite, 57, 190. 

Lime, 18, 1388, 189, 185, 190. 

Lime, quick, 192; air-slacked, 
192; magnesian, 192. 

Lime-soda feldspar, 92, 93, 124. 

Limestone, 17, 186-140; see also 
crystalline limestone; of or- 
ganic origin, 137, 140; argil- 
laceous, 133; fetid, 48; conver- 
sion of, into dolomite, 137; 
solubility of, in carbonated 
water, 26, 139; weathering of, 
139, 187; coral, 137; shell, 18, 
138; distribution of, 161, 162; 
consolidation of, 18; joints in, 
149; alteration of, into marble, 
139; lime made from, 86, 1388; 
cement from, 191; hydraulic, 
86; magnesian, 137, 138; uses 
of, 138; lithographic, 139; for 
glass-making, 190; soil from, 
187. 

Limonite, 52, 81, 140, 170, 172. 
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Lingula, 224. 

List of books, 232, 233. 
Lithographic stone, 139, 194. 
Lithology, 114. 

Lithrophycus, 212. 

Localities, 113. 

Lockport, 158. 

Lodes (see mineral veins). 
Loganian rocks, 154, 158. 

Loon Lake, Ont., 80. 
Louisiana, sulphur, 60. 

Lower Huronian, 155. 
Lubricant, graphite as a, 55. 
Lustre of Minerals, 4, 46, 50, 52, 
Lye, 187. [113. 
Lyndoch Township, Ont., 104. 


M 


Madoe, Ont., 75, 80. 

Magnesia, test for, 202. 

Magnesian limestone, 137. 

Magnesite, 88, 181, 229. 

Magnesium, 54. 

Magnesium carbonate, 137. 

Magnesium chloride, 73, 137. 

Magnesium sulphate, 106. 

Magnet, 11, 46, 199. 

Magnetic iron ore (magnetite), 
51, 80. 

Magnetic pyrites, 50, 66. 

Magnetic metals, 69, 203, 204. 

Magnetic minerals, 46, 66, 80. 

Magnetism of minerals, 46, 50, 
51, 66, 80. 

Magnetite, 12, 51, 80, 124, 170, 
171. 

Magnifying glass, 4, 199. 

Magpie Mine, Ont., 88. 

Malachite, 52, 88, 169. 

Malagash, N.S., 74. 
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Malleable minerals, 45. 
Mammals, 159, 166, 227. 
Mammilary, 88. 

Mammoth, 166. 

Man, as a geological agent, 32. 
Man, in geological history, 167. 
Mandy Mine, Manitoba, 68. 
Manganese, 85. 

Manganese dioxide, 201. 
Manganese, test for, 206. 

Maps, 156, 162. 

Marble, 21, 139, 185. 

Marble, polishing of, 181. 
Marcasite, 50, 66. 

Marine, origin, 137. 

Markings on rocks, 14. 

Marl, 134, 137, 139, 158. 

Marl, in cement, 191. 
Marsupials, 166. 

Massive rocks, 6, 118. 

Massive structure, 6. 
Mastodon, 166. 

Matachewan series, 154, 155,158. 
Matches, 110. 

Mechanical mixture, 7. 
Mechanically-formed rocks, 129. 
Medicinal water, 192. 

Medicine Hat, 190. 

Medina formation, 158, 162, 212. 
Meerschaum, 101. 

Megalomous, 225. 

Mercury, 73; test for, 73; in 
amalgam, 61; price of, 229. 
Mesabi range, 156. 

Mesohippus, 166. 

Mesozoic era, 158, 165, 188, 227. 
Metallic lustre, 4, 46, 50, 65, 112. 
Metalliferous minerals, 168, 172. 
Metals and their ores, 168. 
Metals, prices of, 229. 
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Metamorphic rocks, 21, 
121, 142, 152. 

Metamorphism, 21, 22, 115. 

Meteorie iron, 64. 

Meteorite, 64, 97. 

Mica group, 53, 89, 181. 

Mica, price of 229; sheets of, 
229. 

Mica schist, 121, 180. 

Michelinea, 216. 

Michigan, 63, 77, 156, 169, 170. 

Michipicoten, 170. 

Mierocosmic | salt 
199, 204. 

Middle Huronian, 155. 

Milky quartz, 76. 

Mine, defined, 175; vertical sec- 
tion of, 177. 

Mineral coal, 56. 

Mineral, defined, 1, 7. 

Mineral fertilizers, 185. 

Mineralogy, 1. 

Mineralogy, books on, 232. 

Mineral oil, 58. 

Minerals, descriptions of, 54- 
110; physical characters of, 
36; blowpipe characters of, 
195, 208; economic, 168-194; 
essential and accessory, 121; 
origin of names of, 54; table 
for determination of, 50-53. 

Mineral Production of Canada, 
230-31. 

Mineral springs, 193. 

Mineral veins, 23, 24, 62, 173. 

Mineral wool, 96, 181. 

Minnesota, 77, 80, 156, 170. 

Miocene period, 158, 166. 

Miohippus, 166. 

Mirabilite, 106. 


115, 


(phosphor), 
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Miscellaneous economic min- 
erals, 168, 194. 

Mispickel, 51, 68, 171, 203. 
Missouri, lead in, 170; zine in, 
171. 

Models of crystals, 37. 

Models of faults, 178, 179. 
Modiolopsis, 224. 

Molecule, 210. 

Mollusks, 20, 168, 222. 

Molten, 114, 115. 

Molybdenite, 51, 56, 140. 
Monoclinic crystals, 37, 39, 92, 
95. 

Montana, 63, 84, 169. 
Monticulopora, 216. 

Moose Mountain, Ont., 81. 
Moraine (glacial debris), 158. 
Mortar, 86, 139, 192. 

Mortar and pestle, 203. 

Moss agate, 78. 

Mossy structure, 36. 

Mountain leather, 96. 

Mouth blowpipe, 195. 
Murchisonia, 225. 

Muriatie acid, 199. 

Muscovite, 53, 90. 


N 


Names of rocks, 120; of min- 
erals, 54. 

Namaimo, B.C., coal, 190. 

Native elements, 54, 55-64. 

Native metals, 60-64,168. 

Natural gas, 59, 188. 

Natural rock cement, 138, 191. 

Nautilus, 163. 

Necks, voleanic, 143. 

Nepheline, 104. 

Nepheline syenite, 105, 122, 123. 
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New Brunswick, 85. 

New Caledonia, nickel in, 170. 

Newfoundland, 34. 

New Jersey, zine, 171. 

New York State, 74, 160, 163, 
170. 

Ngaurahoe, N.Z., (voleano), 33. 

Niagara formation, 158, 162, 
216, 222. 

Niccolite, 50, 69, 169. 

Nickel, blowpipe test for, 206. 

Nickel coins, 70. 

Nickel deposits, 156. 

Nickeliferous ores, 172. 

Nickel in meteorites, 64. 

Nickel mines, 67, 124, 156, 170. 

Nickel ore, 64, 67, 69, 124, 170. 

Nickel, price of, 229. 

Nickel, uses of, 70. 

Nitrate of cobalt, 199. 

Nitre, occurrence of, 194. 

Nitric acid, 199, 200. 

Nodular structure, 36. 

Nomenclature of minerals, 54; 
of rocks, 120. 

Non-metallic, 89, 112. 

Norite, 124. 

Normal fault, 147, 178. 

North Carolina, 84, 91. 

North Pines, Ont., 66. 

Nova Scotia, 169, 189. 

Nuggets, 60, 62, 172. 


O 


Obsidian, 119, 125. 
Occurrence of minerals, 172. 
Ocean, deposits, 17, 141. 
Ochre, 81. 

Octahedron, 88, 42, 65. 
Odor, 48, 102, 200, 203. 
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Oil, mineral, 58. 

Oligocene, 158, 160, 166. 

Oligoclase, 92, 93. 

Olivine, 97. 

Olivine diabase, 127. 

Onondaga formation, 158, 161, 

Onyx, 78, 185. [162. 

Onyx-marble, 78. 

Opal, 78. 

Open tube, 538, 199, 207. 

Ordovician system, 158, 160, 161, 
164, 215, 219, 223-6. 

Ore body, 173. 

Ore, defined, 168. 

Ore deposits, 
value of, 175. 

Ores, prices of, 228-229. 

Organic acids, 199, 

Organie origin, 131, 140. 

Organically formed rocks, 131. 

Organisms, 140. 

Origin of names, 113. 

Origin of ore deposits, 174. 

Oriskany formation, 158, 162. 

Ormoceras, 226. 

Ornamental materials, 77, 88 

Orohippus, 166. 

Orpiment, 69. 

Orthis, 228. 

Orthoceras (orthoceratite), 19, 
164, 226. 

Orthoclase, frontispiece, 92, 121. 

Orthorhombiec erystals, 37, 39, 

Outerop, 118, 139, 153.‘ [107. 

Overhand stope, 177. 

Oxidation, 10, 26, 69, 141. 

Oxides, 55, 76-85; of iron, 184. 

Oxidizing flame, 197, 

Oxygen, 26, 54, 55, 197. 

Oxy-hydrogen flame, 183. 


V2 


classified, 
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Pp 

Paint materials, 55, 81, 109, 168, 
184. 

Paleocene, 158, 160. 

Paleontology, defined, 152. 

Paleozoic era, 157, 158, 194, 212, 
227. 

Paraffin, 58, 197. 

Paris green, 68. 

Pass, Crow's Nest, 190. 

Peacock ore, 68. 

Pearly lustre, 93, 105. 

Peat, 57, 158. 

Pebbles, 14. 

Pegmatite, 121, 124. 

Pencil, lead, 55. 

Pennsylvania, coal, 188; oil, 58. 

Pentagonal dodecahedron, 38, 
65. 

Pentamerus, 223. 

Percentage composition, 210. 

Periods, geological, 157-8-9. 

Permian system, 158, 165. 

Pestle and mortar, 203. 

Petraia, 217. 

Petrified, 18. 

Petrography, defined, 114. 

Petroleum, 58, 182, 188; price of, 
229. 

Petrology, defined, 114. 

Phacops, 220. 

Phillipsastrea, 217. 

Phlogopite, 53, 90. 

Physical characters of minerals, 
36. 

Phosphates, 55, 109, 185, 187. 

Phosphate of soda, 199. 

Phosphor-salt, 199. 

Phosphatie rocks, 140. 

Phosphorescence, 75. 
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Phosphorus, 81, 110. 

Phyllograptus, 215. 

Physies, 1. 

Pictou, N.S., 189. 

Pig iron, 229. 

Pigments, 168, 184. 

Pinching of veins, 147, 178. 

Pitchstone, 119, 125. 

Pitting of plaster, 192. 

Placers, 60, 63, 169, 172. 

Plagioclase, 92. 

Planet, 1. 

Plants, age of rocks, 152, 159. 

Plants, coal, 57, 134. 

Plants, fossil, 152, 212. 

Plants, geological effects of, 32, 
114. 

Plants, marine and land, 163, 
166. 

Plaster of Paris, 106. 

Plaster, wall, 192. 

Plastic clay, 10. 

Plate glass, 69. 

Plating, 70. 

Platinum, 62, 169. 

Platinum, price of, 229. 

Platinum wire, 63, 197, 198, 205. 

Platystrophia, 224. 

Pleistocene or glacial 
158. 

Pliocene period, 158, 167. 

Pliohippus, 167. 

Plumbago, 55. 

Plutonic rocks, 115, 118, 121- 
124. 

Polishing, 78, 83, 180. 

Polluted water, 193. 

Porcelain, 70, 184. 

Porcupine region, Ont., 61, 156. 

Porphyritie granite, 121, 122. 


period, 


250 


Porphyritic structure, 121, 122, 
130. 

Porphyry, 122, 129. 

Portage-Chemung formation, 
158, 162, 213. 

Port Arthur, Ont., 170, 171. 

Port Henry, N.Y., 81. 

Port Lambton formation, 158. 

Portland cement, 137, 138, 139. 

Portland cement, properties of, 
191. 

Post-Glacial period, 225. 

Potash, 186, 201. 

Potash feldspar, 92. 

Potassium, 54. 

Pot-holes, 28. 

Potsdam formation, 158, 162, 
213. 

Pottery, 70, 168, 184, 190. 

Pre-Cambrian group of rocks, 
153-156, 158, 162, 227. 

Pre-Cambrian, 
portance, 156. 

Pre-Carboniferous fossils, 212- 
226. 

Pressure, effects of, on rocks, 10, 
56, 115, 150. 

Prices of minerals, 228. 

Primary era, 158. 

Princeton, B.C., 68. 

Prism, 41, 82, 110. 

Protichnites, 213. 

Protogine, 123. 


economic im- 


Protohippus, 166. 

Pumice, 119, 125, 180. 

Purple copper ore, 68. 
Pygidium, 219. 

Pyramid, 41, 110. 

Pyrite, 50, 64, 140; price of, 229. 
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Pyrites, arsenical 51; copper, 50; 
iron, 50; magnetic, 50; white 
iron, 66. 

Pyritohedron, 64, 65. 

Pyrolusite, 51, 85. 

Pyroxene, 52, 94, 124, 140. 

Pyrrhotite, 50, 66, 169, 170, 200. 


Q 


Quarry, 150. 

Quarrying, 149. 

Quartz, 3, 24, 52, 76, 140, 185; 
gold, 169. 

Quartz-porphyry (see rhyolite). 

Quartzite, 21, 79, 121, 132, 155. 

Quaternary formations, 158, 167. 

Quebee, 90, 96, 101, 171, 182. 

Queen Charlotte island, 190. 

Quick lime, 86, 183, 192. 

Quick silver (mercury), 72, 229 

R 

Radiated structure, 99. 

Rain, 16. 

Rain prints, 16. 

Rain water, 24, 26. 

Reaction, chemical, 211. 

Realgar, 69. 

Recent, post-Glacial or Human 
period, 158, 189. 

ted hematite, 50, 79. 

Red ochre, 81. 

Reducing flame, 197. 

Reduction, 197. 

Reduction of metals, 80, 203. 

Refraction, double, in calcite, 87. 

Refractory materials, 168, 181. 

Reefs, coral, 137. 

Regular crystal system, 37, 38, 
65. 

Relative ages of rocks, 152. 


INDEX 


Remains of animals and plants, 
212-227. 

Renfrew County, Ont., 104, 105. 

Reniform, 36. 

Reptiles, fossil, 16, 159, 165, 
227. 

Resinous lustre, 46. 

Reticulated structure, 36. 

Retsof, N.Y., 74. 

Reverse-fault, 147. 

Review notes, 111, 208. 

Rhamphorhyneus (flying 
tile), 165. 

Rhombie dodecahedron, 38, 80, 
97, 98. 

Rhombohedron, 39, 41, 85, 87. 

Rhynconella, 222, 223. 

Rhyolite, 119, 125. 

Richmond formation, 158, 161, 

Ripple marks, 14, 15. [162. 

ite 


rep- 


Rise or ‘‘raise,”’ 
Rivers, 141. 
Road metal, 191. 

Roasting on charcoal, 204. 
Rochester formation, 158. 
Rock cement, 138. 
Rock-crystal, 76. 

Rock, definition of term, 6. 
Rock-forming minerals, 54. 
Rock oil, 188. 

Rock phosphate, 110. 

Rocks, acidic and basic, 119,120. 
Rock salt, 53, 738, 168, 194. 
Rocks, alteration of, 23-34, 121. 
Rocks and rock structures, 114. 
Rocks, classification of, 21. 
Rocks of organic origin, 140. 
Rock structures, 114, 142. 
Rocks, uses of, 2, 132-5-8, 168. 
Roofing material, 97. 


Roofing slate, 10, 150, 228. 
Rose quartz, 76. 
Rossland, B.C., 67, 170. 
Rouyn, Que., 68, 156. 
Ruby, 82, 184. 
Rusophycus, 212. 

iS) 


Salina, 158. 

Saline, taste, 48. 

Salt, common, 201; prices, 229. 

Salt deposits, 74, 194. 

Salt of phosphorus, 204. 

Saltpetre, 201; occurrence of, 
194, 

Salt, rock, 53, 74, 141. 

Sand, 8, 132, 158, 174, 186. 

Sand and clay, 8. 

Sand dunes, 131, 158. 

Sand hills, 31. 

Sand-paper, 79, 181. 

Sandstone, 6, 10, 132; refractory, 
183; for building, 191. 

Sand, used in glass, 190. 

Sanidine, 91. 

Sapphire, 82, 184. 

Sardonyx, 78. 

Sarnia, Ont., 74. 

Satin spar, 86. 

Seale of hardness, 44, 111. 

Scalenohedron, 39, 41, 85. 

Seapolite, 103. 

Schist, 22. 

Schistose structure, 22, 118. 

Schistosity, 118, 173. 

Schorl, 98. 

Scratch on glass, 4, 45, 50. 

Scythe stone, 180. 

Sea lilies, 218. 

Sea, oscillation of level of, 34. 

Seam or bed of coal, 58. 
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Sebastopol, Ont., 103. 

Secondary of Mesozoic era, 158. 

Second order prism and pyra- 
mid, 39. 

Sectile (capable of being cut), 
46, 65. 

Sections, geological, 117. 

Sedimentary rocks, 114, 129- 

Segregated vein, 173. [142. 

Selenite, 105. 

Serpentine, 53, 98, 99, 140, 182. 

Serpentinization, 97, 101. 

Sets of blowpipe apparatus, 200. 

Shaft, mine, 176. 

Shale, 58, 115, 146, 190. 

Shale, defined, 135. 

Shallow water deposits, 17. 

Shell limestone, 12, 14, 138. 

Shell marl, 137. 

Shore conditions, 17, 27. 

Shore deposits, 17. 

Sicily, sulphur, 60. 

Siderite, 88, 170. 

Sigillaria, 214. 

Silica, 23, 119, 133. 

Silica, in plants, 187. 

Silica skeleton, 207. 

Silica, test for, 207. 

Silicates, 55, 89-105. 

Silicates, gelatinizing of, 200. 

Silicified corals, 137. 

Silicious shells, 140. 

Silicon, 54. 

Silicon dioxide, 76. 

Silky lustre, 46. 

Sills, 143. 

Silurian system, 158, 164, 216, 
217, 218, 221, 223. 

Silver, 51, 62, 71, 170, 171. 

Silver deposits, 62, 156. 


Silver, price of, 229. 

Sinter, 142. 

Sintered cement, 191. 

Slag-like, 116. 

Slaking of lime, 86, 192. 

Slate, 10, 121, 228, 

Slate, cleavage in, 150. 

Slaty cleavage, 150. 

Slickensides, 178. 

Smaltite, 51, 69, 169. 

Smelting, 61, 138. 

Smoky quartz, 76. 

Snails, 17. 

Snakes, 20, 164. 

Soapstone, 53, 100, 229. 

Soda, in blowpiping, 199, 206. 

Soda-lime feldspar, 98, 124. 

Sodalite, 104. 

Sodium, 54. 

Sodium carbonate in blowpiping, 
199, 206. 

Sodium carbonate, occurrence 
of, 194. 

Sodium chloride, 73, 141. 

Sodium phosphate, 199. 

Soft coal, 57, 58. 

Soft hematite, 156. 

Soft minerals, 43. 

Soil, formation of, 29, 186. 

Soil, nature and varieties of, 
135, 186. 

Solar system, 114, 

Solidification of molten matter, 
114. 

Solubility in acids, 86, 89, 106, 
200. 

Solution by rain, 26; by under- 
ground water, 25; veins 
formed by, 23; of minerals in 
acids, 200. 
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Solution, ores from, 174, 180. 

Solvent action of water, 139, 
187. 

Source of metals, 174. 

Spar, 52, 58, 75, 86, 91, 108. 

Spathic iron, 88, 170. 

Specific gravity of minerals, 48, 
66, 112. 

Specimens, 22, 112. 

Spectacle glasses, 79. 

Specular iron, 50, 79. 

Sperrylite, 63. 

Sphalerite, 52, 71, 140, 171, 200. 

Sphene, 103. 

Spheroidal weathering, 127, 128. 

Spirifer, 222. 

Spirigera, 222. 

Splintery fracture, 43. 

Springs, 193. 

Stalactite, 77, 81, 86. 

Stalagmite, 86. 

Stamps for crushing, 61. 

Star fish, 219. 

Stassfurt, 186. 

Steatite or soapstone, 53, 100. 

Steel, 81. 

Steel forceps, 198. 

Stellite, 70. 

Stenopora, 216. 

Stibnite, 51, 71. 

Stone and cement, 168, 191. 

Stopes, 177. 

Stoves, 81, 90. 

Straits Settlement, 171. 

Strata, 129. 

Strata, determination of dip of, 
189. 

Stratification, 117, 129, 144. 

Stratified ore deposits, 172. 

Stratified structure, 134. 
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Stratum or hed, 118. 

Streak of minerals, 47, 50-53. 

Streak of sulphides and sul- 
phates, 204. 

Streams, work of, 26, 141. 

Stream tin, 84, 172. 

Striated rocks, 29, 30. 

Striations, 30, 65, 98, 178. 

Strike-fault, 179. 

Strike of rocks, 118, 147. 

Strontium, 105. 

Strophomena, 223. 

Structural relations of rocks, 157. 

Structure in rocks, 21, 22, 114, 
142-150. 

Sublimate on charcoal, 202. 

Subsidence of the earth’s crust, 
34. 

Subterranean waters, 174. 

Subvitreous, 105. 

Subulites, 225. 

Succession of types, 166. 

Sudbury, Ont., 63, 67, 68, 156, 
169, 170, 172. 

Sugar refining, 107. 

Sullivan Mine, Kimberley, B.C., 
71, 84. 

Sulph-arsenides, 68, 69. 

Sulphates, mineral, 55;.as efflor- 
escence products, 192; reduc- 
tion of, by blowpipe, 204. 

Sulphide, Ont., 66. 

Sulphides, mineral, 55, 64.; de- 
tection of, 204. 

Sulphur, 80, 185. 

Sulphur, native, 59; uses of, 185, 
194; springs, 193; tests for, 
106, 203, 204; price of, 229. 

Sulphur waters, 193. 
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Sulphuretted hydrogen, 193, 200. 

Sulphuric acid, manufacture of, 
60, 185; use in testing min- 
erals, 75, 110. 

Sulphurous odor, 48. 

Sump, 177. 

Sun cracks (mud cracks), 15, 16. 

Superficial deposits, 172. 

Superposition of strata, 151. 

Surface deposits, 172. 

Suspension, ores from 174. 

Swamp, 81. 

Sydney, N.S., 189. 

Syenite, 5, 119, 128. 

Symbol, chemical, 208. 

Synclines, 118, 144. 

Syringopora, 216. 

Systems, geological 157. 

Systems of crystallization, 37. 


T 


Table for the determination of 
minerals, 50-53. 

Table of igneous rocks, 119. 

Table of the elements, 209. 

Talc, 53, 99, 140, 194; prices, 
229. 

Tarnish, 47, 62, 67. 

Taste, 48. 

Temagami, Ont., 69. 

Temperature, 174. 

Tertiary or Cenozoic, 158, 166. 

Tests, chemical and blowpipe, 
195-208. 

Test tubes, 199. 

Tetragonal crystals, 37, 39. 

Tetrahedron, 38. 

Texture of rocks, 119. 

Thetford Mines, 100. 

Thorax or body, 219. 
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Throw of fault, 179. 

Thunder Bay, 72, 156. 

Tiger-eye, 78. 

Till or boulder-clay, 9, 133. 

Tile, 102. 

Timiskamian series, 154, 155, 
158. 

Tin, ores of, 170. 

Tin, price of, 229. 

Tin stone or cassiterite, 52,84, 
99, 103, 171. 

Titanic iron, 51. 

Titanium, 81. 

Titanite or sphene, 103. 

Tobacco pipes, 101. 

Toes of horse, 166. 

Ton, 66. 

Topaz, 99, 111. 

Tourmaline, 52, 98, 121, 185. 

Trachyte, 119, 126. 

Tracks, fossil, 16, 163. 

Translucent, 47. 

Transparent, 47. 

Trap, 126, 129, 143, 156. 

Trapezohedron, 38, 97. 

Trees, 32, 188. 

Tremolite, 96, 139. 

Trenton formation, 
212, 216, 223. 

Triarthrus, 221. 

Triassic period, 158. 

Triclinic erystals, 37, 39. 

Trilobites, 19, 20, 163, 219. 

Trinucleus, 219. 

Tripolite, 78, 140, 180. 

Troy ounce, 61. 

Tufa, 131. 

Tulameen, B.C., 63. 

Twin crystals, 39, 92, 105. 


158, 162, 
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U 


Unconformity, 118, 151. 

Underground water, 25, 193. 

Underhand stope, 177. 

Unit, 66. 

Unmetallic lustre, 4, 52. 

Unstratified ore deposits, 172. 

Unctuous feel, 79. 

Upper Huronian, 155. 

Ural Mountains, platinum, 169. 

Uses of minerals and rocks, 1, 
168-194. 

Utica formation, 158, 162. 


V 


Valleys, 188. 
Vancouver Island, coal, 190. 
Vegetable origin of coal, 57. 
Vegetation, 32, 165. 
Vegetable remains, 140. 
Vein-quartz, 23, 24. 
Veins, 23, 24, 62, 108, 146. 
Veins classified, 173; faulted, 
173, 178. 
Veins, origin of, 23, 117. 
Vein stones, 174. 
Vertebrates, 164, 165, 166, 227. 
Vesicular texture, 125. 
Vinegar, 200. 
Vitreous (glassy) lustre, 46, 93. 
Volatile ingredients, 56. 
Volcanic fragmental rocks, 131, 
155. 
Voleanic rocks, 115, 118, 124. 
Volcanoes, 32; sulphur from, 59. 
Vug, 86. 
WwW 
Wales, rocks of, 160. 


Wall (see hanging and foot). 
Water, 23, 168, 192. 
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Water-formed rocks, 114, 129- 
140. 

Water, medicinal, 193. 

Water-lime (sce hydraulic). 

Water, test for, in minerals, 538, 
207. 

Waves, 27. 

Waxy lustre, 77, 100. 

Weathering, 93, 135. 

Weathering, spheroidal, 127, 
128. 

Wells, 193. 

Wells, oil, 59. 

Wernerite or scapolite, 103. 

West Gore, N.S., 72. 

Wheels, emery, 83, 181. 

Whetstone, 83, 180. 

White arsenic, 69, 228. 

White mica, 90. 

Whitewash, 139. 

Wind, 31. 

Wind-deposited rocks, 181. 

Windsor, Ont., 74. 

Winze, 177. 

Wood ashes, 187. 

Wood pulp, 139. 

Worm burrows, 163. 


YG 


Yellowstone National Park, 23. 
York County, N.B., 72. 


Z 


Zaphrentis, 217. 

Zine, 71, 171, 184. 

Zine blende, 52, 71, 171. 
Zine, ores of, 171, 175. 
Zine, price of, 229. 
Zircon, 102, 121. 
Zirconium, 102. 
Zoology, 1, 152. 
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